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P R E F A C E
D e c a p o d  c r u s t a c e a n s ,  c o m p r i s e d  of  t h e  f a m i l i a r  f o r m s  su c h  
a s  p r a w n s ,  l o b s t e r s  a n d  c r a b s ,  c o n s t i t u t e  an i m p o r t a n t  g r o u p  in t h e  
e x p l o i t e d  a n d  e x p o r t e d  f i s h e r y  r e s o u r c e s  of  I n d i a .  Among t h e s e  
c r u s t a c e a n s ,  p r a w n s ,  p a r t i c u l a r l y  t h e  p e n a e i d  p r a w n s ,  a r e  t h e  m o s t  
c o m m e r c i a l l y  e x p l o i t e d  g r o u p  o f  p a r a m o u n t  i m p o r t a n c e  b y  v i r t u e  of  
t h e i r  e s t e e m e d  fo o d  v a l u e  a l l  o v e r  t h e  w o r l d .  T h e  c a p t u r e  f i s h e r y  
f o r  p r a w n s  i s  c a r r i e d  o u t  on a c o m m e r c i a l  s c a l e  in t h e  s e a  a n d  a t  
s u b s i s t a n c e  l e v e l  in t h e  e s t u a r i e s  a n d  b a c k w a t e r s .  With t h e  
i n t r o d u c t i o n  of  m e c h a n i s e d  t r a w l i n g  a n d  m o d e r n  p r o c e s s i n g  
t e c h n o l o g y ,  c a p t u r e  a n d  u t i l i s a t i o n  o f  p r a w n s  in  I n d i a  w i t n e s s e d  a 
p h e n o m e n a l  e x p a n s i o n  d u r i n g  t h e  p a s t  f o u r  d e c a d e s .  C o n s e q u e n t l y ,  
in  t h e  m a r i n e  f i s h e r i e s  o f  I n d i a ,  p e n a e i d  p r a w n s  s t a n d  t h i r d  in t h e  
o r d e r  of  a b u n d a n c e  w i t h  a p r o d u c t i o n  o f  1 , 4 6 , 7 5 3  to n n e s  d u r i n g  
1989 .  In t h e  sam e  y e a r ,  a  t o t a l  o f  56,  830 t o n n e s  o f  p r a w n s  a n d  
p r a w n  p r o d u c t s  v a l u e d  a t  R s .  4 7 0 .3 3  c r o r e s  w e r e  e x p o r t e d  f rom
I n d i a .
As t h e  e x p l o i t a t i o n  o f  p r a w n s  in  t h e  c a p t u r e  f i s h e r y  i s  
s t e p p e d  u p ,  t h e i r  c a t c h  o v e r  t h e  y e a r s  in  s e v e r a l  o f  t h e  f i s h i n g  
g r o u n d s  a long  t h e  c o a s t  s t a b i l i s e d  a t  t h e  o p t im u m  l e v e l  of  s u s t a i n e d  
p r o d u c t i o n ,  b u t  f o r  a  d e c r e a s i n g  t r e n d  in c e r t a i n  c e n t r e s .  S e v e r a l  
s t u d i e s  c o n d u c t e d  on t h e  i n t e n s i v e  f i s h i n g  a n d  r e s o u r c e  
c h a r a c t e r i s t i c s  i n d i c a t e d  t h a t  f u r t h e r  i n c r e a s e  of  f i s h i n g  e f f o r t  in
t h e  g r o u n d s  e x p l o i t e d  a t  p r e s e n t  m ay  n o t  y i e l d  e n h a n c e d  c a t c h .  In 
t h i s  c o n t e x t ,  t h e  s t r a t e g i e s  e m p l o y e d  to c o n s e r v e  t h e  r e s o u r c e s  a r e  
j u d i c i o u s  m an a g e m e n t  of  t h e  e x p l o i t e d  s t o c k s ,  e x t e n s i o n  of  r a n g e  of  
e x p l o i t a t i o n  to u n d e r e x p l o i t e d  r e s o u r c e  a n d  m o r e  i m p o r t a n t l y  
d e v e l o p m e n t  a n d  p r o m o t i o n  o f  c u l t u r e  f i s h e r i e s .
A q u a c u l t u r e  of  p r a w n s  h a s  now b e e n  r e c o g n i s e d  a s  a  d e f i n i t e  
m ea n s  of  a u g m e n t in g  p r a w n  p r o d u c t i o n  a n d  c o n s e q u e n t l y ,  t h i s  s e c t o r  
i s  r a p i d l y  d e v e l o p i n g  a n d  e x p a n d i n g  in a l l  t h e  m a r i t i m e  s t a t e s  of
t h e  c o u n t r y .
One o f  t h e  p r o m i n e n t  f e a t u r e s  o b s e r v e d  in t h e  c a p t u r e  and  
c u l t u r e  f i s h e r i e s  o f  t h e  p r a w n s  in I n d i a ,  i s  t h e  w i d e  f l u c t u a t i o n  in 
t h e i r  p r o d u c t i o n .  Such  f l u c t u a t i o n s  h a v e  s e r i o u s  d r a w b a c k s  on t h e  
ec o n o m y  of t h e  f i s h i n g  i n d u s t r y .  S e v e r a l  b i o t i c  a n d  a b i o t i c  f a c t o r s  
a r e  known to i n f l u e n c e  t h e  p r o d u c t i o n  o f  p r a w n s .  W hi le  t h e  
s e v e r a l  ongo ing  s t u d i e s ,  a r e  c o n c e r n e d  w i t h  t h e  b i o l o g y ,  s t o c k s i z e  
a n d  f i s h e r y  c h a r a c t e r i s t i c s  o f  t h e  c o n s t i t u e n t  s p e c i e s  in t h e  f i s h e r y ,  
i n v e s t i g a t i o n s  on t h e  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a n g e s  t a k i n g  
p l a c e  u n d e r  t h e  d i f f e r e n t  c u l t u r e  c o n d i t i o n s  a r e  r a t h e r  s c a r c e .  
H o w e v e r ,  i t  i s  w e l l  known t h a t  t h e s e  c h a n g e s  in  t h e  p e n a e i d  
p r a w n s  a r e  p a r t l y  d u e  to o s c i l l a t i o n s  b e t w e e n  m a r i n e  a n d  
b r a c k i s h w a t e r  e n v i r o n m e n t s .  C h a n g e s  t a k e  p l a c e  e v e n  in a s t a b l e  
e n v i r o n m e n t  d u e  to c e r c a d i a n  r h y t h m .  m o u l t i n g  c y c l e  a n d  
d e v e l o p m e n t a l  c h a n g e s  d u e  to g r o w t h  a n d  r e p r o d u c t i o n .  In n a t u r e .
I l l
w h e r e  t e r ^ p e r a t u r e , s a U n i t y ,  p h o t o p h a s e  e t o . ,  v a r y  s i m u l t a n e o u s l y  
in a n o n - p r o g r a m m e d  m a n n e r ,  t h e  a n i m a l s  a d j u s t  t h e i r  l i f e  
p r o c e s s e s  t h r o u g h  a c o m p l e x  p h y s i o l o g i c a l  a n d  b e h a v i o u r a l  p a t t e r n .  
S i m i l a r l y ,  b i o c h e m i c a l  c h a n g e s  in t h e  b i o l o g i c a l  s y s t e m s  p l a y  a 
s i g n i f i c a n t  r o l e  in t h e  a c t i v i t i e s  o f  t h e s e  a n i m a l s .  T h e  k n o w l e d g e  
c o n c e r n i n g  t h e s e  a s p e c t s  in r e s p e c t  of  t h e  p e n a e i d  p r a w n s  o f  I n d i a  
i s  r a t h e r  m e a g r e .  In v i e w  o f  t h e  p a u c i t y  o f  t h e  a v a i l a b l e  
i n f o r m a t i o n  t h e  p r e s e n t  i n v e s t i g a t i o n  on t h e  b i o c h e m i c a l  c o m p o s i t i o n  
o f  t h e  t h r e e  c o m m e r c i a l l y  i m p o r t a n t  p e n a e i d  p r a w n s ,  n a m e l y ,  
M etapenaeus m o n o c er o s ,  Penaeus monodon a n d  P .  i n d i c u s  i s  t a k e n  up 
a n d  t h e  r e s u l t s  a r e  e m b o d i e d  in t h i s  t h e s i s .
T h e  t h e s i s  d e a l s  w i t h  t h e  b i o c h e m i c a l  c o m p o s i t i o n  of  t h e  
m o s t  i m p o r t a n t  t i s s u e s ,  h a e m o l y m p h  a n d  m u s c l e ,  o f  M. m o n o c er o s ,  
P .  monodon a n d  P .  in d ic u s  in t h e  w i l d  s t a t e  a n d  u n d e r  c u l t u r e d  
c o n d i t i o n s  in t h e  b r a c k i s h w a t e r  p o n d s .  O b s e r v a t i o n s  on t h e  s e x -  
w i s e ,  l e n g t h - w e i g h t  r e l a t i o n s h i p s  in  t h e s e  p r a w n s  a r e  i n t e g r a t e d  to 
p r o v i d e  a m e a n in g fu l  i n t e r p r e t a t i o n .  S i m i l a r  s t u d i e s  w e r e  m a d e  on 
v a r i a t i o n  in t h e  b i o c h e m i c a l  c o m p o s i t i o n  of  h a e m o l y m p h  a n d  m u s c l e  
in r e l a t i o n  to s e x ,  s i z e ,  w e i g h t  a n d  c o n d i t i o n  f a c t o r .  T h e  i n t r a  
a n d  i n t e r - r e l a t i o n s h i p s  b e t w e e n  t h e  d i f f e r e n t  f a c t o r s  o p e r a t i n g  a t  
t h e  d i f f e r e n t  p h a s e s  o f  g r o w t h  a n d  m a t u r a t i o n  o f  g o n a d s  a r e  
i n v e s t i g a t e d  to b r i n g  o u t  t h e  s i g n i f i c a n t  f a c t o r s .  T h e r e  w e r e  no 
e a r l i e r  s t u d i e s  on t h e s e  l i n e s  in l i t e r a t u r e .  T h e  i n f o r m a t i o n  
g a t h e r e d  i s  u s e f u l  to e v a l u a t e  c u l t u r e  s t r a t e g i e s  u n d e r  v a r y i n g
c o n d i t i o n s  of  t h e  e n v i r o n m e n t .  T h i s  k n o w l e d g e  w o u l d  a l s o  b e  u s e f u l  
in m a n i p u l a t i n g  t h e  g r o w t h  a n d  r e p r o d u c t i o n  w h i c h  a r e  v i t a l  to t h e  
s u c c e s s  o f  c u l t u r e  p r a c t i c e s .
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GENERAL INTRODUCTION
In n a t u r e ,  t h e  l i t t o r a l  o e n a e i d  p r a w n s  of  I n d i a  b e lo n g i n g  to 
t h e  g e n e r a  P e n a e u s  a n d  M e t a p e n a e u s  c o m p l e t e  t h e i r  l i f e  c y c l e  in  two 
d i f f e r e n t  e c o s y s t e m s .  I n h a b i t i n g  t h e  m a r i n e  e c o s y s t e m  in t h e  a d u l t  
p h a s e ,  t h e y  g r o w ,  m a t u r e  a n d  b r e e d ;  t h e  l a r v a l  d e v e l o p m e n t  up to 
t h e  e a r l y  p o s t - l a r v a l  s t a g e  a l s o  t a k e s  p l a c e  in t h i s  e c o s y s t e m .  As 
t h e y  g r o w  to a d v a n c e d  p o s t l a r v a e  a n d  j u v e n i l e s ,  t h e y  m i g r a t e  to 
t h e  h i g h l y  d y n a m i c ,  p r o d u c t i v e  a n d  low  s a l i n e  c o a s t a l  w a t e r s  w h i c h  
s e r v e  a s  n u r s e r y  g r o u n d s .  A f t e r  l i v i n g  in  t h i s  e c o s y s t e m  f o r  
c e r t a i n  p e r i o d  w h e r e  t h e y  g ro w  f a s t  a n d  a t t a i n  t h e  s e c o n d a r y  
s e x u a l  c h a r a c t e r s ,  t h e y  m i g r a t e  to t h e  m a r i n e  e c o s y s t e m ,  w h e r e  
t h e y  a t t a i n  m a t u r i t y  a n d  r e p r o d u c e ,  a n d  to c o m p l e t e  t h e  l i f e  c y c l e .  
P e n a e i d  p r a w n s  a r e  r e m a r k a b l y  a d o p t e d  to c h a n g i n g  e c o l o g i c a l  
c o n d i t i o n s  b y  a h a r m o n i o u s  b l e n d  o f  m e t a b o l i c  p r o c e s s e s  in t h e  
d i f f e r e n t  o r g a n  s y s t e m s .  M o r e o v e r ,  t h e s e  p r a w n s .  l i k e  o t h e r  
c r u s t a c e a n s ,  a r e  i n v o l v e d  in t h e  u n i q u e  p r o c e s s e s  o f  m o u l t i n g ,  
w h i c h  i n v o l v e s  c a s t i n g  o f f  of  t h e i r  e x o s k e l e t o n  a n d  r e s y n t h e s i s .  
W h i l e  s e v e r a l  i n v e s t i g a t i o n s  on t h e  b i o l o g i c a l  a s p e c t s  s u c h  a s  age  
a n d  g r o w t h ,  f o o d  a n d  f e e d i n g ,  r e p r o d u c t i o n  a n d  m o u l t i n g :  f i s h e r y  
a n d  p o p u l a t i o n  c h a r a c t e r i s t i c s  a n d  c u l t u r e  a r e  a v a i l a b l e  ( G e o r g e .  
1970a ,  1970b ,  1970c ,  1972,  1978;  M o h a m e d ,  1970a ,  1 9 7 0 b ;  R a o , 1968.  
K u r i a n  a n d  S e b a s t i a n , 1975;  S i l a s  e t  a l . , 1984; Si las,  1983Sudhakara  Rao,  
1988a ,  1988b .  1988c ,  1989;  a n d  L a l i t h a  D e v i ,  1989), i n f o r m a t i o n  on 
t h e  b i o c h e m i c a l  m a k e - u p  a n d  t h e  p r o c e s s e s  t a k i n g  p l a c e  c o n t i n u o u s l y ,  
t r a d i n g - o f f  t h e  d i f f e r e n t  m e t a b o l i t e s  r e q u i r e d  b y  t h e  v a r i o u s  t i s s u e s
and  o r g n s  to p e r f o r m  t h e i r  d i f f e r e n t  f u n c t i o n s ,  i s  s c a r c e .  
N e v e r t h e l e s s ,  in t h e  c o n t e x t  o f  i n t e n s i v e  e x p l o i t a t i o n  o f  t h e s e  
p r a w n s  in t h e  c a p t u r e  f i s h e r y  a n d  i n t e n s i v e  c u l t i v a t i o n  an 
u n d e r s t a n d i n g  o f  t h i s  b i o c h e m i c a l  c o n s t i t u e n t s  a n d  i t s  s y s t e m a u i c  
v a r i a t i o n  d u r i n g  t h e  d i f f e r e n t  p h a s e s  o f  t h e i r  l i f e  c y c l e  p r o v i d e s  
an i n s i g h t  i n to  t h e  a d j u s t m e n t s  m a d e  c o n t i n u o u s l y  b y  t h e s e  a n i m a l s .  
T h e  s t u d i e s  on t h e s e  a s p e c t s  in c r u s t a c e a n s  w e r e  m a i n l y  d u e  to 
Renaud  ( 1 9 4 9 ) .  V i n o g r a d o v  ( 1 9 5 3 ) ,  G e o r g e  a n d  P a t i l  ( 1 9 5 6 ) ,  B a rn e s  
e t  a l  ( 1963) a n d  P i l l a y  a n d  N a i r  ( 1 9 7 3 ) .  R e c e n t l y  C e c c a l d i  ( 1982) 
s u m m a r i s e d  t h e  c o n t r i b u t i o n s  o f  p h y s i o l o g y  a n d  b i o c h e m i s t r y  to the  
p r o g r e s s  in a q u a c u l t u r e .
More t h a n  a n y  o t h e r  o r g a n  t i s s u e s ,  h a e m o l y m p h ,  m u s c l e  and  
h e p a t o p a n c r e a s  a r e  known to b e  i n t e n s i v e l y  i n v o l v e d  in t h e  
s y s n t h e s i s ,  s t o r a g e  a n d  a c t i v e  m o b i l i z a t i o n  o f  t h e  m e t a b o l i t e s .  The  
f i r s t  r e c o r d e d  o b s e r v a t i o n  on c r u s t a c e a n  b l o o d  w a s  m a d e  b y  C a r u s  
(1824)  ( a c c o r d i n g  to G eorge  a n d  N i c h o l s ,  1 9 4 8 ) .  S u b s e q u e n t l y  
s t u d i e s  on c r u s t a c e a n  b l o o d  a n d  r e l a t e d  t i s s u e s  w e r e  m a d e  b y  
L o c k h e a d  a n d  L o c k h e a d  (1941)  a n d  G e o r g e  a n d  N i c h o l s  ( 1 9 4 8 ) .
T h e  o c c u r r e n c e  o f  an e s t u a r i n e  a n d  m a r i n e  p h a s e  in t h e  l i f e  
c y c l e  o f  p e n a e i d  p r a w n s  p r o m p t e d  t h e  s c i e n t i s t s  in  t h e  b e g in n i n g  o f  
t h e  2 0 th  c e n t u r y  to i n v e s t i g a t e  on t h e  m e c h a n i s m  o f  o s m o r e g u l a t i o n  
o f  p r a w n s  in t h e s e  e n v i r o n m e n t s .  P a n i k k a r  (1 9 4 1 )  found  t h a t
L e a n d e r  s e r r a t u s  ( -  P a l a e m o n  s e r r a t u s ) , L .  s q u U l a  (= P .  s q u i l l a )  
and  P a l a e m o n e t e s  v a r i a n s  w e r e  h y p o t o n i c  r e g u l a t o r s  in  t h e  s e a  wa^er
ea n d  h y p e r t o n i c  in  t h e  low s a l i n e  w a t e r s .  T h e  sa m e  t r e n d  of  
o s m o r e g u l a t i o n  w a s  r e p o r t e d  in  M etapenaeus m o n o c e r o s ,  M. d o b s o n i ,  
P en aeu s  in d ic u s  a n d  P . c a r i n a t u s  ( -  P .  monodon) b y  P a n i k k a r  a n d  
V i s w a n a t h a n  (1948)  a n d  P a n i k k a r  ( 1 9 5 1 ) .  O s m o t ic  c o n c e n t r a t i o n  of  
h a e m o l y m p h  in v a r i o u s  g r o w t h  s t a g e s  o f  P en aeu s  ja p o n ic u s  was  
s t u d i e d  b y  I w a ta  a n d  Sh igueno  ( 1 980 ) .  T h e  o s m o r e g u l a t o r y  a b i l i t y  
a n d  i o n i c  r e g u l a t i o n  o f  t h e  a u s t r a l i a n  p e n a e i d  p r a w n s  in  t h e  
j u v e n i l e s  a s  w e l l  a s  in t h e  a d u l t  s t a g e s  w e r e  d e a l t  w i t h b y  Cfell (1981), 
Ekll and anlth (1981). T h e  o t h e r  n o t e w o r t h y  s t u d i e s  r e l a t i n g  to o s m o t i c  
a n d  i o n i c  r e g u l a t i o n  in o t h e r  c r u s t a c e a n s  w e r e  b y  W i l l i a m s  ( 1960) ,  
D a l i  (197 4a)  a n d  R e a d  ( 1 9 8 4 ) .  R e c e n t l y  t h e  o s m o r e g u l a t o r y  a b i l i t y  
o f  Penaeus  monodon a n d  P .  in d ic u s  w a s  s t u d i e d  b y  Diwan e t  a l  
(1989)  a n d  Diwan a n d  L a x m i n a r a y a n  ( 1 9 8 9 ) .
D ur ing  t h e  m o u l t  c y c l e  t h e  c o m p o s i t i o n  o f  h a e m o l y m p h  
s h o w s  r e m a r k a b l e  c h a n g e s .  T h e  two m a j o r  c h a n g e s  t h a t  o c c u r  d u r i n g  
t h e  i n t e r m o u l t  c y c l e  a r e  t h e  i n c r e a s e  in h a e m o l y m p h  c o n c e n t r a t i o n  
b e f o r e  e c d y s i s  a n d  u p t a k e  o f  w a t e r  d u r i n g  t h e  p r o c e s s  of  e c d y s i s .  
B e s i d e s  t h i s ,  c a l c i u m  a n d  m agnes ium  a r e  r e m o v e d  f r o m  t h e  
e x o s k e l e t o n  a n d  s t o r e d  in  t h e  h a e m o l y m p h  a n d  h e p a t o p a n c r e a s .  
P r o t e i n  c o n t e n t  a n d  o t h e r  d i s s o l v e d  s u b s t a n c e s  a l s o  v a r y  d u r i n g  t h e  
i n t e r m o u l t  c y c l e .  C h a n g e s  in  h a e m o l y m p h  c o m p o s i t i o n  d u e  to i m p a c t  
o f  m o u l t  c y c l e  h a v e  b e e n  r e p o r t e d  in  p e n a e i d  p r a w n s  a s  w e l l  a s  in 
o t h e r  c r u s t a c e a n s  b y  B u r s e y  a n d  Lane  ( 1 9 7 1 ) ,  Kanaza^\a e t  a l .  (-9-6), 
K u l k a r n i  ( 1 9 8 4 ) ,  Lucu ( 1 9 9 0 ) , Tesh im a  and  Kanazawa ( 1 9 7 6 ) ,  Teshima 
t  a l . (  1977) a n d  V i j a y a n  ( 1988 ) .  F u r t h e r ,  t h e  c o m p o s i t i o n  o f  h a e m o l y m p h
v a r i e s  w i t h  t h e  e n v i r o n m e n t  a s  w e l l  a s  w i t h  t h e  s e x ,  s i z e  and  
w e i g h t  ( G i l b e r t ,  1959; Horn a n d  K e r r ,  1963) a n d  t h e  n u t r i t i o n a l  
c o n d i t i o n s  o f  t h e  a n i m a l  ( C r u z  R i c q u e  e t  a l .  1989;  D a l i ,  1974b; 
D ja n g m a h ,  1970;  H a g e r m a n ,  1983;  Munoz a n d  C e c c a l d i ,  1983;  S t e w a r t  
e t  a l .  , 1 9 6 7 ) .  I n t e r s p e c i f i c  v a r i a t i o n  of  h a e m o l y m p h  c o m p o s i t i o n  i s  
a l s o  r e p o r t e d  b y  s e v e r a l  a u t h o r s  ( B a l a z s , e t  a l . , 1974;  Leone ,  1 953 ) .
P r o t e i n s  a r e  one  o f  t h e  i m p o r t a n t  c o n s t i t u e n t s  of  c r u s t a c e a n  
t i s s u e s ,  g r e a t l y  i n f l u e n c e d  b y  t h e  n u t r i t i o n a l  s t a t u s  o f  t h e  a n im a l  
a n d  v a r i e s  a s  a  f u n c t i o n  o f  t h e  n u t r i t i o n a l  s t a t e  ( D a l i ,  1974b; F a i r  
a n d  S i c k ,  1982;  R a j a m a n i ,  1982;  S t e w a r t  e t  a l .  , 1 9 6 6 ) .  T h e  t o t a l  
p r o t e i n  in  t h e  h a e m o l y m p h  v a r i e s  a c c o r d i n g  to t h e  s e x  ( B a l a z s  e t  
a l . ,  1974;  Horn a n d  K e r r ,  1963) a n d  a t  i n t e r s p e c i f i c  l e v e l s  ( B a l a z s  . 
e t  a l . ,  1974; L e o n e ,  1953 ) a n d  r e l a t e d  to t h e  e n v i r o n m e n t a l  
s a l i n i t y  ( P e q u e u x  e t  a l . , 1 9 7 9 ) .  E l e c t r o p h o r e t i c  s t u d i e s  m a d e  on 
p r a w n s  and  c r a b s  b y  T h o m a s  (1982)  a n d  K a n n u p a n d i  a n d  P a u l p a n d i a n  
( 1975) r e s p e c t i v e l y  h a v e  r e v e a l e d  t h e  e x i s t e n c e  o f  h e t e r o g e n e i t y  in
h a e m o l y m p h  p r o t e i n s .
In c r u s t a c e a n s  c a r b o h y d r a t e  i s  u t i l i z e d  a s  o x i d a t i v e  
m e t a b o l i t e  a s  w e l l  a s  in  t h e  s y n t h e s i s  o f  t h e  c h i t i n  o f  t h e  
i n t e g u m e n t .  A m a j o r  p a r t  o f  t h e  c a r b o h y d r a t e  i s  l o s t  a s  c h i t i n  a t  
e a c h  m o u l t  e s p e c i a l l y  in  o r g a n i s m s  w i t h  s h o r t  m o u l t  c y c l e  l i k e  
p e n a e i d  p r a w n s .  As d i e t a r y  c a r b o h y d r a t e  i s  u t i l i z e d  f o r  b o t h  
c h i t i n  s y n t h e s i s  a n d  o x i d a t i v e  m e t a b o l i s m ,  h a e m o l y m p h  c a r b o h y d r a t e
i s  s u b j e c t e d  to v a r i a t i o n  u n d e r  t h e  i n f l u e n c e  o f  v a r i o u s  b i o l o g i c a l  
a c t i v i t i e s  s u c h  a s  m o u l t i n g  a n d  r e p r o d u c t i o n  ( B u r s e y  a n d  Lane ,  
1971;  Diwan a n d  U s h a ,  1987;  V i j a y a n ,  1 9 8 8 ) .  H a e m olym ph  
c a r b o h y d r a t e  l e v e l  i s  a l s o  fo u n d  to v a r y  w h e n  t h e  a n i m a l  i s  u n d e r  
s t a r v a t i o n  a n d  s t r e s s  ( D a l i ,  1974b; R a ja  e t  a l . ,  1976 a n d  S m i t h ,  1982)
S ince  c a l c i u m  i s  t h e  m a j o r  c o m p o n e n t  o f  c r u s t a c e a n  
i n t e g u m e n t ,  i t  p l a y s  a s i g n i f i c a n t  r o l e  in t h e  s t r u c t u r e  of  
e x o s k e l e t o n .  D u r in g  e c d y s i s  c a l c i u m  i s  r e a b s o r b e d  f rom  th e  
e x o s k e l e t o n  m i n i m i s in g  i t s  l o s s  a n d  s t o r e d  e i t h e r  in  h a e m o l y m p h  o r  
in  h e p a t o p a n c r e a s  ( G i b s o n  a n d  B a r k e r ,  1 9 7 9 ) .  A f t e r  m o u l t i n g ,  t h e  
a b s o r b e d  c a lc iu m  i s  m o b i l i z e d  to i n c o r p o r a t e  i n t o  e x o s k e l e t o n .  
T h u s ,  c a l c i u m  l e v e l  in  t h e  h a e m o l y m p h  v a r i e s  w i t h  t h e  s t a g e  of  
m o u l t  c y c l e  of  t h e  a n i m a l  ( B u r s e y  and  L a n e ,  1 9 7 1 ) .  In t h e  
h a e m o l y m p h ,  c a lc iu m  e x i s t s  in two s t a t e s ,  n a m e l y ,  b o u n d  c a lc iu m  
a n d  f r e e  c a lc iu m  (Kannan  a n d  R a v i n d r a n a t h , 1 9 8 1 ) .  I t  i s  r e p o r t e d  
t h a t  t h e  h a e m o l y m p h  c a l c i u m  f l u c t u a t e s  w i t h  t h e  s a l i n i t y  o f  t h e  
m ed iu m  ( D a l i ,  1974a;  D a l i  a n d  S m i t h .  1981; V e d a v y a s a  Rao e t  a l . ,  
1 9 8 1 ) .
P o t a s s i u m  in t h e  h a e m o l y m p h  i s  known to e n h a n c e  t h e  c e i l  
p o t a s s i u m  s t a b i l i t y  a n d  to i m p r o v e  t h e  n e u r o m u s c u l a r  e f f i c i e n c y  
( D a l i ,  1 9 7 4 a ) .  T h e  d i f f e r e n t  a s p e c t s  o f  i t s  r e g u l a t i o n s  in  p e n a e i d  
p r a w n s  w e r e  s t u d i e d  b y  D a l i  a n d  S m i t h  ( 1 9 8 1 ) ,  S a n t o s  a n d  Sa lomao 
( 1985) a n d  W r i g h t  e t  a l .  ( 1 9 8 4 ) .
In c r u s t a c e a n s ,  t h e  m a j o r  p o r t i o n  o f  t h e  h a e m o l y m p h  p r o t e i n  
(80-95%) i s  h a e m o c y a n i n  ( W i e s e r ,  1 9 6 5 ) .  C o p p e r  c o n s t i t u t e s  0.17% 
of  h a e m o c y a n i n  a n d  t h e  c o p p e r  l e v e l  in t h e  h a e m o l y m p h  v a r i e s  w i t h  
t h e  p r o t e i n  l e v e l  in t h e  h a e m o l y m p h .  H ence ,  f a c t o r s  t h a t  i n f l u e n c e  
t h e  h a e m o l y m p h  p r o t e i n  c o n c e n t r a t i o n  a l s o  a f f e c t  t h e  h a e m o l y m p h  
c o p p e r  c o n c e n t r a t i o n .  A l t h o u g h  t h e  a m o u n t  o f  i o n i c  c o p p e r  in t h e  
h a e m o l y m p h  i s  n e g l i g i b l e  (Arumugam a n d  R a v i n d r a n a t h , 1983;  
D j a n g m a h ,  1969) i t  i s  p e r i o d i c a l l y  m o n i t o r e d  b y  t h e  h e p a t o p a n c r e a s . 
S in c e  t h e  h a e m o l y m p h  p r o t e i n  v a r i e s  u n d e r  t h e  i n f l u e n c e  o f  t h e  
v a r i o u s  p h y s i o l o g i c a l  a c t i v i t i e s  s u c h  a s  m o u l t i n g  a n d  r e p r o d u c t i o n ,  
a n d  d u r i n g  s t a r v a t i o n ,  h a e m o l y m p h  c o p p e r  a l s o  v a r i e s  a c c o r d i n g l y  
( D j a n g m a h , 1970; H a g e r m a n ,  1983;  Horn  and  K e r r ,  1963;  K e r r ,  1969 
a n d  S t e w a r t  e t  a l . , 1 9 6 7 ) .
In t h e  b o d y  o f  t h e  p e n a e i d  p r a w n s  t h e  a b d o m i n a l  m u s c l e  
c o n s t i t u t e s  50% o f  t h e  t o t a l  w e i g h t ,  h a v i n g  t h e  p r o p e r t y  o f  t h e  
e x c e l l e n t  f l a v o u r  a n d  d e l i c i o u s  t a s t e .  In t h e  e a r l y  p e r i o d  o f  t h e  
2 0 t h  c e n t u r y ,  n u t r i t i v e  v a l u e s  a n d  b i o c h e m i c a l  c o m p o s i t i o n  o f  I n d i a n  
p r a w n s  w e r e  r e p o r t e d  b y  A p p a n n a  a n d  D e v a d a t t a  ( 1 9 4 2 ) ,  C h a r i  
( 1 9 4 8 ) ,  G o p a l a k r i s h n a  (1951)  a n d  S h a i k h m a h m u d  a n d  M agar  ( 1 9 5 7 ) .  
B o r g s t r o m  (1962)  r e v i e w e d  t h e  l i t e r a t u r e  on t h e  n u t r i t i v e  a s p e c t s  of  
s h e l l f i s h  w h i c h  a l s o  c o v e r e d  p r a w n s .  B i o c h e m i c a l  c o m p o s i t i o n  of  
p r a w n s  v a r i e s  d u e  to b i o t i c  a s  w e l l  a s  a b i o t i c  f a c t o r s .  B i o t i c  
f a c t o r s  s u c h  a s  m o u l t i n g ,  m a t u r a t i o n  a n d  i n a d e q u a t e  fo o d  i n f l u e n c e  
t h e  c o m p o s i t i o n  o f  t h e  m u s c l e .  S i m i l a r l y ,  a b i o t i c  f a c t o r s  l i k e  h i g h
s a l i n i t y  and  h i g h  t e m p e r a t u r e  b r i n g  o u t  t h e  b i o c h e n n i c a l  c h a n g e s  in
t h e  m u s c l e .  Diwan a n d  U s h a  ( 1 9 8 7 ) ,  K anazaw a  e t  a l .  ( 1 9 7 6 ) ,
T e s h i m a  a n d  K ana z a w a  ( 1976) and  T e s h i m a  e t  a l .  ( 1 9 7 ? ) ,  s t u d i e d
t h e  b i o c h e m i c a l  c o m p o s i t i o n  of  t h e  m u s c l e  d u r i n g  t h e  m o u l t  c y c l e .
T h e  b i o c h e m i c a l  c h a n g e s  o c c u r r i n g  d u r i n g  t h e  r e p r o d u c t i v e  c y c l e  in
some o f  t h e  p e n a e i d  p r a w n s  w e r e  f o l l o w e d  b y  A s o k a n  a n d  George
( 1 9 8 4 ) ,  P i l l a y  a n d  N a i r  ( 1 9 7 3 ) ,  R ead  a n d  C a u l to n  ( 1980),
a n d  V i j a y a k u m a r a n  . ( 1 9 9 0 ) .  D ur ing  s t a r v a t i o n  o f  t h e  a n im a l  and
a d v e r s e  e c o l o g i c a l  c o n d i t i o n s  o r g a n i c  r e s e r v e s  in t h e  m u s c l e  a r e
d e c r e a s e d  d u e  to o x i d a t i o n  o f  m e t a b o l i t e s  to m e e t  t h e  e n e r g y
r e q u i r e m e n t  ( R a j a m a n i ,  1982;  T o r r e s ,  1 9 7 3 ) .  B e s i d e s ,  t h e  m u sc l e
c o m p o s i t i o n  i s  fo u n d  to v a r y  w i t h  t h e  s i z e  ( C l a r k e  , 1977;
K r i s h n a m o o r t h y  e t  a l . ,  1982;  M a u c h l in e  a n d  F i s h e r ,  1969;  R a ym ont
e t  a l .  , 1971;  S t e in  a n d  M u r p h y ,  1 976 ) ;  s e x  ( A m e e r  H am sa ,  1981,
Du P r e e z  a n d  M c L a c h l a n ,  1983) a n d  a t  i n t e r s p e c i f i c  l e v e l s  
( K a n n u p a n d i  a n d  P a a l p a n d i a n ,  1975;  S h a i k h m a h m u d  a n d  M a g a r ,  1957;  
T h o m a s ,  1982) .
In c u l t u r e  c o n d i t i o n s ,  t h e  q u a l i t y  a n d  q u a n t i t y  o f  f e e d  
o f f e r e d  to t h e  s t o c k e d  p o p u l a t i o n  a f f e c t  t h e  b i o c h e m i c a l  c o m p o s i t i o n  
o f  m u s c l e  ( B o t t i n o  e t  a l ,  1980; C l a r k e  a n d  W i c k i n s ,  1980;  K r i s h n a -  
m o o r t h y  e t  a l . . 1982;  M a r t i n ,  1980;  O ' L e a r y  a n d  M a t t h e w s ,  1990; 
R a j a m a n i ,  1 9 8 2 ) .  I t  i s  a l s o  s h o w n  t h a t  t h e  p o l l u t e d  w a t e r s  
b r i n g f o r t h  c h a n g e s  in  t h e  c o m p o s i t i o n  o f  t h e  m u s c l e .  T h u s ,  
S r i n i v a s u l u  R e d d y  e t  a l .  ( 1 9 8 9 ) ,  m a d e  a s t u d y  on t h e  c h a n g e s  of  
l i p i d  c o m p o n e n t s  in  t h e  m u s c l e  o f  M etapenaeus m onoceros and
P en a eu s  in d ic u s  e x p o s e d  to p h o s p h a m i d o n  a n d  found  t h a t  s i g n i f i c a n t  
d e c r e a s e  o f  t o t a l  l i p i d s  a n d  g l y c e r o l  in  t h e  m u s c l e .
In c r u s t a c e a n s ,  e g g s  c o n ta i n  r i c h  o r g a n i c  r e s e r v e s  l i k e  
p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  to m e e t  t h e  e n e r g y  d e m a n d  d u r i n g  
t h e  d i f f e r e n t  s t a g e s  o f  e m b r y o n i c  d e v e l o p m e n t  a s  w e l l  a s  l a r v a l  
s t a g e s  u n t i l  t h e  l a r v a  s t a r t s  f e e d i n g  on i t s  o w n .  In t h e  p e n a e i d  
p r a w n s ,  e m b r y o n i c  d e v e l o p m e n t  in t h e  egg a f t e r  i t s  r e l e a s e  t a k e s  
p l a c e  f o r  a  p e r i o d  o f  12-17 h o u r s ,  b e f o r e  i t  h a t c h e s  o u t  a s  
n a u p l i u s .  T h e  n a u p l i u s  l a r v a  m e t a m o r p h o s e s  i n to  p r o t o z o e a  l a r v a  
a f t e r  p a s s i n g  t h r o u g h  6 s u b - s t a g e s  in a  s p a n  o f  48 h o u r s ,  d e p e n d i n g  
upon  t h e  o r g a n i c  r e s e r v e s  s t o r e d  i n  t h e  egg to m e e t  t h e  e n e r g y  
r e q u i r e m e n t .  T h e  p r o t o z o e a  l a r v a  d e v e l o p s  f i l t e r  f e e d i n g  h a b i t  a n d  
f e e d i n g  on p h y t o p l a n k t o n ,  u n d e r g o e s  f u r t h e r  m e t a m o r p h o s i s .  Dur ing  
o v a r i a n  d e v e l o p m e n t  o f  t h e  f e m a l e  p r a w n ,  o r g a n i c  r e s e r v e s  s u c h  a s  
p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  u n d e r g o  a c y c l i c  c h a n g e  i n c r e a s i n g  
s t a g e  I to IV a n d  t h e n  d e c r e a s e  in s t a g e  V a f t e r  s p a w n i n g  ( B a r n e s  
e t  a l ,  1963; Diwan a n d  N a g a b h u s h a n a r a , 1974;  K u l k a r n i  a n d  
N a g a b h u s h a n a m , 1979; P i l l a y  a n d  N a i r , 1973;  S u n i l  Kumar M o h a m e d ,  
1989;  V i c t o r ,  1 9 8 7 ) .  A c c o r d i n g  to A s o k a n  a n d  G e o r g e  ( 1 9 8 4 ) ,  Read  
a n d  C a u l ton  ( 1 9 8 0 ) ,  S a r o j i n i  a n d  J a h a g i r d a r  (1983)  a n d  
V i j a y a k u m a r a n  ( 1990) o r g a n i c  r e s e r v e s  a r e  m o b i l i z e d  f rom  m u s c l e  to 
t h e  g o n a d  d u r i n g  o v a r i a n  d e v e l o p m e n t  t h r o u g h  h a e m o l y m p h .  Some of  
t h e  w o r k e r s  ( F y f f e  a n d  O 'C o n n o r ,  1974;  K e r r ,  1969 a n d  Wolin e t  a l - ,  
1973 ) a r e  o f  t h e  v i e w  t h a t  l i p o v i t e l l i n  i s  s y n t h e s i z e d  o u t s i d e  t h e
o v a r y  a n d  i s  m o b i l i z e d  to t h e  g o n a d .  In c o n t r a r y  to t h i s  c o n c e p t  
t h e  s t u d i e s  m ade  b y  Lui  e t  a l .  ( 1 9 7 4 ) ,  on P rocajn barus  s p . and  
E a s t m a n - R e k s  a n d  F i n g e r m a n  (1985)  on Uca p u g i l a t o r  h a v e  r e v e a l e d  
t h a t  t h e  c r u s t a c e a n  o v a r y  i s  c a p a b l e  o f  s y n t h e s i z i n g  l i p o v i t e l l i n .  
In c r u s t a c e a n s  m any  w o r k e r s  h a v e  r e p o r t e d  t h a t  t h e  g o n a d  i n d e x  
i n d i c a t e s  t h e  r e p r o d u c t i v e  a c t i v i t y  o f  t h e  a n i m a l  ( A b d u l  R a ha m an ,  
1966;  Diwan a n d  N a g a b h u s h a n a m , 1974; K u l k a r n i  a n d  N a g a b h u s h a n a m , 
1979; P i l l a y  a n d  N a i r ,  1971;  S u b r a h m a n y a m , 1963b; V i c t o r , 1987 ) .
B i o c h e m i c a l  c o m p o s i t i o n  o f  l a r v a e  d u r i n g  m e t a m o r p h o s i s  and  
s t a r v a t i o n  was  s t u d i e d  b y  A nger  e t  a l  . ( 1 9 8 3 ) ,  A n g e r  (1986)  and  
A nger  a n d  Harms ( 1 9 9 0 ) .
In t h e  b r a c k i s h w a t e r  p o n d ,  t h e  p r a w n  p r o d u c t i o n  v a r i e s  
f ro m  c r o p  to c r o p  d u r i n g  a y e a r  d u e  to t h e  p r e v a i l i n g  e c o l o g i c a l  
c o n d i t i o n s ,  f e e d i n g  s t r a t e g i e s  a n d  o t h e r  m a n a g e r i a l  p r e c a u t i o n s  
f o l l o w e d .  B i o c h e m i c a l  c o n s t i t u e n t s  o f  h a e m o l y m p h  a s  w e l l  a s  m u s c l e  
o f  t h e  p r a w n s  a r e  s h o w n  to v a r y  f r o m  c r o p  to c r o p .  A k n o w l e d g e  
o f  t h i s  a s p e c t  w o u l d  t h u s  h e l p  to  d e t e r m i n e  c o n d i t i o n s  o f  t h e  
p r a w n s  a n d  s e l e c t  t h e  s p e c i e s  w h i c h  a r e  h a r d  a n d  c a p a b l e  of  
g r o w i n g  f a s t  u t i l i z i n g  t h e  v a r i o u s  n u t r i e n t s .  P a n i k k a r  (1968)  
s u g g e s t e d  t h a t  m ax im um  g r o w t h  o f  p r a w n s  can  b e  o b t a i n e d  in 
i s o s m o t i c  m e d ia  a s  p r a w n s  n e e d  n o t  s p e n d  e n e r g y  f o r  o s m o t i c  
r e g u l a t i o n .  I s o s m o t i c  p o i n t s  o f  P .  m onodon a n d  P .  i n d i c u s  w e r e  
d e t e r m i n e d  b y  Diwan e t  a l  (1989)  a n d  Diwan a n d  L a x m i n a r a y a n  
(19 8 9 )  r e s p e c t i v e l y .
V e ry  few  s t u d i e s  on b i o c h e m i c a l  c o m p o s i t i o n  o f  h a e m o l y m p h  
a n d  m u s c l e  o f  p e n a e i d  p r a w n s  h a v e  b e e n  c a r r i e d  o u t  in I n d i a .  
M ost  o f  t h e s e  s t u d i e s  a r e  e s s e n t i a l l y  e x p e r i m e n t  o r i e n t e d  (A s o k a n  
a n d  G e o r g e ,  1984;  D iwan  a n d  U s h a ,  1987;  Diwan e t  a l . , 1989;  Diwan 
a n d  L a x m i n a r a y a n ,  1989;  K u l k a r n i  a n d  N a g a b h u s h a n a m , 1979
; N a g a b h u s h a n a m  a n d  K u l k a r n i ,  1982) e x c e p t  a  f e w  w h i c h  a r e  
r e l a t e d  to f i e l d  s t u d i e s  ( R a ja m a n i ,  1982,  S u b h a s h  C h a n d e r ,  1986 a n d
V e d a v y a s a  Rao e t  aJ., 1983 ) .
In v i e w  o f  t h e  p a u c i t y  o f  i n f o r m a t i o n  on t h i s  a s p e c t  a n d  
r e c o g n i s i n g  i t s  g r e a t  u t i l i t y  in s p e c i e s  s e l e c t i o n  a n d  m an a g e m e n t  of  
t h e  c u l t u r e ,  an a t t e m p t  i s  m a d e  to s t u d y  t h e  b i o c h e m i c a l  v a r i a t i o n s  
o f  t h e  h a e m o l y m p h  a n d  m u s c l e  o f  M. m o n o cero s ,  P .  monodon a n d  P .  
in d ic u s  f ro m  d i f f e r e n t  e c o l o g i c a l  h a b i t a t s .  I t  i s  h o p e d  t h a t  r e s u l t s  
of  t h e  s t u d y  w o u l d  c o n t r i b u t e  f u r t h e r  to t h e  k n o w l e d g e  o f  b i o l o g y  
a n d  c u l t u r e  o f  t h e s e  p e n a e i d  p r a w n s .
CHAPTER 1
MATERIAL AND METHODS
L ocation  and c o l l e c t io n  o f  l i v e  s p e c im e n s
L i v e  p r a w n s  f o r  t h e  p r e s e n t  s t u d y  w e r e  c o l l e c t e d  d u r i n g  
1984-1985 f rom  t h e  c a p t u r e  f i s h e r i e s  o f  t h e  i n s h o r e  w a t e r s  of  
V i s a k h a p a t n a m  and  f r o m  t h e  c u l t u r e  f i s h e r i e s  c a r r i e d  o u t  in  t h e  
b r a c k i s h w a t e r  p o n d s  (Depar tn r ien t  o f  F i s h e r i e s ,  A n d h r a  P r a d e s h  
A g r i c u l t u r a l  U n i v e r s i t y ,  K a k i n a d a )  a t  K a k i n a d a .
V i s a k h ap a tn a n n  i s  l o c a t e d  in  A n d h r a  P r a d e s h  on t h e  e a s t  
c o a s t  o f  I n d i a  ( 1 7 ° 4 2 'N  l a t i t u d e  a n d  8 3 ° 2 0 'E  l o n g i t u d e )  ( F i g .  1 ) .  
A b o u t  200 s m a l l  m e c h a n i s e d  b o a t s  a n d  100 l a r g e  t r a w l e r s  a r e  
o p e r a t e d  f rom  V i s a k h a p a t n a m  F i s h i n g  H a r b o u r ,  m a i n l y  f o r  s h r i m p s .  
S m a l l  m e c h a n i s e d  b o a t s  (10 -11  m) a r e  o p e r a t e d  in  t h e  f i s h i n g  
g r o u n d s  w h i c h  e x t e n d  up to 50 km  n o r t h  a n d  s o u t h  o f  V i s a k h a p a t n a m  
a long  t h e  c o a s t  up-  to a d i s t a n c e  o f  15 km o f f  t h e  c o a s t .  L a r g e  
t r a w l e r s  a r e  e m p l o y e d  in  t h e  f a r t h e r  a n d  d e e p e r  g r o u n d s  l o c a t e d  
a w a y  in t h e  n o r t h  o f  V i s a k h a p a t n a m  e x t e n d i n g  up  to t h e  h e a d  o f  t h e  
b a y .  L i v e  s p e c i m e n s  f o r  t h e  p r e s e n t  s t u d y  w e r e  c o l l e c t e d  f rom  th e  
t r a w l  c a t c h e s  of  t h e  s m a l l  m e c h a n i s e d  b o a t s .
T h e  c o n s t i t u e n t  s p e c i e s  o f  t h e  p r a w n  f i s h e r y  a t
V i s a k h a p a t n a m  a r e  g r o u p e d  in to  4 c a t e g o r i e s :
(1 )  ' T i g e r s '  c o m p r i s i n g  o f  P e n a e u s  m onodon, P -  s e m is u lc a tu s
and P .  ja p o n icu s ;
(2 )  ' W h i t e s '  f o r m e d  o f  P .  i n d i c u s .  P .  m e r g u ie n s is  a n d  P-
p e n ic i l la t u s ;
(3 )  ' B r o w n s ’ c o n s t i t u t e d  b y  M etapenaeus m o n o c er o s ,  M. e n s i s
and M. a f f in i s ;  and
(4 )  ' F l o w e r s '  i n c l u d i n g  M e t a p e n a e u s  d o b s o n i  a n d  M. b r e v i c o m i s .  
M. m o n o cero s ,  P .  i n d ic u s  a n d  P .  monodon w h i c h  a r e  of  c o m m e r c i a l  
i m p o r t a n c e  w e r e  u s e d  f o r  t h e  p r e s e n t  s t u d y .  L i v e  s p e c i m e n s  o f  
M. m o n o c e r o s  a n d  P .  i n d i c u s  w e r e  a v a i l a b l e  in t h e  t r a w l  c a t c h e s  of  
s m a l l  m e c h a n i s e d  b o a t s  w h i c h  a r e  p e r f o r m e d  s i n g l e  d a y  t r i p .
L i v e  p r a w n s  w e r e  c o l l e c t e d  i m m e d i a t e l y  a f t e r  h a u l i n g  o f  t h e  
n e t .  T h e y  w e r e  t r a n s f e r r e d  to a p l a s t i c  b u c k e t  w h i c h  c o n t a i n e d  
s e a  w a t e r  c o l l e c t e d  f ro m  t h e  s a m e  f i s h i n g  g r o u n d .  To a v o i d  o x y g e n  
d e p l e t i o n ,  t h e  s e a  w a t e r  in t h e  b u c k e t  w a s  c h a n g e d  f r e q u e n t l y  u n t i l  
t h e  b o a t  r e a c h e d  s h o r e .  T h e  p r a w n s  w e r e  t r a n s p o r t e d  q u i c k l y  to 
t h e  l a b o r a t o r y  in l i v e  c o n d i t i o n  a n d  t r a n s f e r r e d  i n to  a q u a r i u m  t a n k s  
o f  60 X 30 X 30 cm s i z e  c o n t a i n i n g  54 l i t r e s  o f  s e a  w a t e r  c o l l e c t e d  
f ro m  t h e  sam e  l o c a l i t y  f ro m  w h e r e  t h e  p r a w n s  w e r e  c a u g h t .  
A d e q u a t e  a e r a t i o n  w a s  p r o v i d e d  to t h e  w a t e r  in t h e  t a n k .  In e a c h  
t a n k  a b o u t  10 p r a w n s  w e r e  k e p t  a n d  a l l o w e d  f o r  1 to 2 h o u r s  to 
r e c o v e r  f rom  t h e  s t r e s s  o f  t r a n s p o r t  b e f o r e  s a c r i f i c i n g  th em  f o r  
h a e m o l y m p h  s a m p l i n g .
Al l  t h e  s p e c i m e n s  o f  M, m on oceros  a n d  P« in d ic u s  c o l l e c t e d  
o f f  V l s a k h a p a t n a m  w e r e  s e x u a l l y  m a t u r e .  F e m a l e s  in a l l  t h e  s t a g e s  
o f  m a t u r i t y  w e r e  r e p r e s e n t e d .
K a k i n a d a  i s  l o c a t e d  i n  A n d h r a  P r a d e s h  on t h e  e a s t  c o a s t  of  
I n d i a  (1 6 ° 6 0 'N  l a t i t u d e  a n d  8 2 ° 1 4 ' E  l o n g i t u d e )  ( F i g .  2 ) .  K a k i n a d a  
b a y  w h i c h  i s  s p r e a d  o v e r  an  a r e a  o f  130 s q  km r e c e i v e s  f r e s h
w a t e r  f r o m  t h e  i r r i g a t i o n  c a n a l s  ( G a d e r u ,  C o r i n g a ,  M a t t l a p a l e m  
C r e e k  a n d  K a k i n a d a  C o m m e r c i a l  C a n a l )  o f  G o d a v a r i  r i v e r .  
P r e v a l e n c e  o f  l o w  s a l i n i t y  d u e  to i n f l u x  o f  f r e s h  w a t e r  f rom  
i r r i g a t i o n  c a n a l s ,  h a b i t a t i o n  of  m a n g r o v e  v e g e t a t i o n  a r o u n d  t h e  b a y  
a n d  c o n s e q u e n t  a v a i l a b i l i t y  o f  r i c h  o r g a n i c  c a r b o n  a n d  n u t r i e n t s  in 
t h e  s o i l  t o g e t h e r  p r o v i d e  c o n g e n i a l  c o n d i t i o n s  to fo rm  n u r s e r y  
g r o u n d s  w h e r e  t h e  j u v e n i l e s  o f  p r a w n  a n d  f i s h  a r e  a v a i l a b l e  in 
l a r g e  n u m b e r s .  T h e r e  a r e  a n u m b e r  of  b r a c k i s h w a t e r  f a r m s  
i d e a l l y  s u i t a b l e  f o r  p r a w n  c u l t u r e  a r o u n d  t h e  b a y .
B r a c k i s h w a t e r  f i s h  f a r m  o f  A n d h r a  P r a d e s h  A g r i c u l t u r a l  
U n i v e r s i t y  (APAU) i s  s i t u a t e d  on t h e  n o r t h e r n  s i d e  o f  t h e  e n t r a n c e  
o f  t h e  C o m m e r c i a l  c a n a l  i n to  t h e  b a y .  A c r e e k  w h i c h  o p e n s  in to  
t h e  c o m m e r c i a l  c a n a l  p r o v i d e s  w a t e r  to t h e  f e e d e r  c a n a l  o f  t h e  f i s h  
f a r m .  T h e  f i s h  f a r m  c o n s i s t s  o f  7 r e c t a n g u l a r  p o n d s  ( a r e a  r a n g e
0 .0 3  to 0 .1 8  h a ) ,  4 on one  s i d e  a n d  3 on t h e  o t h e r  s i d e  s i t u a t e d  
p a r a l l e l  to t h e  f e e d e r  c a n a l .  T h e  l o w  l y i n g  a r e a s  a r o u n d  t h e  f i s h  
f a r m  g e t  i n u n d a t e d  d u r in g ,  h i g h  t i d e .  T h e s e  a r e a s  fo rm  a good  
n u r s e r y  g r o u n d  to c o l l e c t  s e e d  , o f  v a r i o u s  c u l t i v a b l e  p r a w n s  a n d  
f i s h e s .
At  t h i s  f i s h  f a r m ,  e x p e r i m e n t s  on d i f f e r e n t  a s p e c t s  o f  
c u l t u r e  o f  p r a w n s  a n d  f i n ~ f i s h e s  a r e  c a r r i e d  o u t  to d e v e l o p  s u i t a b l e  
t e c h n o l o g y  f o r  a d o p t i o n  a n d  p r o p a g a t i o n  in t h i s  a r e a .
T h e  c u l t u r e  o p e r a t i o n  e n t a i l s  p r e p a r a t i o n  o f  t h e  f i e l d  b y  
d r y i n g ,  l i m in g  (250 k g / h a / c r o p ) ,  a n d  m a n u r in g  ( r a w  cow dung
1000 k g / h a / c r o p ;  s i n g l e  s u p e r p h o s p h a t e  125 k g / h a / c r o p :  a n d  u r e a  25 
k g / h a / c r o p ) .  P r a w n  s e e d  (15 to 20 mm t o t a l  l e n g t h )  a r e  c o l l e c t e d  
f r o m  t h e  s u r r o u n d i n g  lo w  l y i n g  a r e a s  d u r i n g  low  t i d e  a n d  s t o c k e d  
in  t h e  n u r s e r y  f o r  30 d a y s .  T h e  s e e d  w h e n  t h e y  a t t a i n  a s i z e  40 
to 50 mm ( t o t a l  l e n g t h )  a r e  t r a n s f e r r e d  i n t o  t h e  g r o w - o u t  p o n d .  
S t o c k i n g  i s  d o n e  a t  t h e  r a t e  of  3 0 , 0 0 0 / h a .  W a te r  l e v e l  i n  t h e  p o n d  
i s  m a i n t a i n e d  b e t w e e n  60 a n d  80 cm b y  r e g u l a t i n g  t h e  s l u i c e  g a te  
d u r i n g  low  t i d e  a n d  h i g h  t i d e .  S u p p l e m e n t a r y  f e e d ,  c o n s t i t u t e d  b y  
b o r k e n  r i c e ,  d e o i l e d  r i c e  b r a n  a n d  g r o u n d n u t  o i l  c a k e  i s  o f f e r e d  to 
t h e  s t o c k e d  p o p u l a t i o n  a t  a p p r o p r i a t e  r a t e .  B e s i d e s  t h i s ,  a n im a l  
p r o t e i n  in t h e  fo rm  o f  c la m  m e a t  i s  a l s o  g i v e n .  S t o c k  i s  h a r v e s t e d  
a f t e r  90 d a y s .  T h e  t o t a l  d u r a t i o n  o f  c u l t u r e  i s  120 d a y s  i n c l u d i n g  
t h e  n u r s e r y  a n d  f a r m i n g  p e r i o d  in  g r o w - o u t  p o n d .
H a e m o ly m p h  s a m p l e s  o f  P .  monodon a n d  P .  in d ic u s  w e r e  
c o l l e c t e d  i m m e d i a t e l y  a f t e r  c a p t u r e  in  t h e  f i e l d  d u r i n g  h a r v e s t i n g  
o f  t h r e e  s u c c e s s i v e  c r o p s  ( N o v e m b e r  1984 ,  M a r c h  1985 a n d  
N o v e m b e r  1985) f ro m  b r a c k i s h w a t e r  p o n d s .
In term ou lt  s p e c im e n s
In o r d e r  to a v o i d  a n y  v a r i a t i o n  in  h a e m o l y m p h  c o m p o s i t i o n  
a n d  m u s c l e  c o m p o s i t i o n  d u e  to t h e  m o u l t  c y c l e ,  h a e m o l y m p h  s a m p l e s  
a n d  m u s c l e  s a m p l e s  o f  M. m o n o c er o s ,  P .  monodon a n d  P .  in d ic u s  
w e r e  c o l l e c t e d  f r o m  t h e  s e l e c t e d ,  d i s i n f e c t e d ,  a c t i v e  a n d  h e a l t h y  
a n i m a l s  w h i c h  a r e  in t h e  i n t e r m o u l t  s t a g e .  T h e  i n t e r m o u l t
s p e c i m e n s  w e r e  s e l e c t e d  on t h e  b a s i s  o f  t h e  f o l l o w i n g  m e t h o d  o f  
S c h e e r  ( 1960) d e v e l o p e d  f o r  n a t a n t i a n s .
S tage
A ( e a r l y  p o s t m o u l t )
B ( l a t e  p o s t m o u l t )
C ( e a r l y  i n t e r m o u l t )
C, ( l a t e  i n t e r m o u l t )  
b
D ( b e g i n n i n g  p r e m o u l t )  
o
( e a r l y  p r e m o u l t )
D.
D.
11
D.
C h a r a c t e r i s t i c s
I n t e g u m e n t  s o f t ,  p a r c h m e n t - l i k e ,
i n t e r n a l  c ones  o f  s e t a e  o f  u r o p o d s  
a b s e n t
I n t e g u m e n t  f i r m  b u t  y i e l d i n g  to 
p r e s s u r e ,  i n t e r n a l  c o n e s  o f  s e t a e  
a p p e a r  b u t  i n c o m p l e t e
I n t e g u m e n t  f i r m  to h a r d ,  i n t e r n a l  c o n e s  
o f  s e t a e  n e a r i n g  c o m p l e t i o n
I n t e g u m e n t  h a r d ,  i n t e r n a l  c o n e s  o f  
s e t a e  c o m p l e t e ,  s l i g h t  s e p a r a t i o n  o f  
e p i d e r m i s  f ro m  c u t i c l e  b e t w e e n  s e t a e
New s e t a e  p r e s e n t  a t  b a s e  o f  o l d ,  
e p i d e r m i s  c l e a r l y  s e p a r a t e d  f ro m  
c u t i c l e ,  b a s e s  o f  ne w  s e t a e  a t  t h e  
o u t e r  s u r f a c e  of  t h e  e p i d e r m i s
New s e t a e  in  c o u r s e  o f  d e v e l o p m e n t  
New s e t a e  e x t e n d i n g  p a r t l y  i n to  o l d ,  
t h e i r  b a s e s  b e g i n n i n g  to i n v a g i n a t e  
b e l o w  t h e  s u r f a c e  o f  t h e  e p i d e r m i s  
New s e t a e  e x t e n d i n g  w e l l  i n t o  o l d ,  
t h e i r  b a s e s  i n v a g i n a t e d  in to  t h e  
e p i d e r m i s  f o r  a p p r o x i m a t e l y  1 / 4  t h e  
l e n g t h  o f  t h e  s e t a e
B a s e s  o f  new s e t a e  i n v a g i n a t e d  f o r  
a p p r o x i m a t e l y  i  t h e  l e n g t h  o f  t h e  
s e t a e
( m i d d l e  p r e m o u l t )  E p i d e r m i s  w i t h  a c l e a r l y  d e v e l o p e d
c u t i c u l a r  l a y e r
( l a t e  p r e m o u l t )  E p i d e r m i s  w i t h  a c h i t i n o u s  p i g m e n t e d
c u t i c u l a r  l a y e r
( f i n a l  p r e m o u l t )  T h e  o l d  c a r a p a c e  s e p a r a t e s  r e a d i l y
f ro m  t h e  new c u t i c l e  on s l i g h t  
p r e s s u r e
S p e c im e n s  w h i c h  w e r e  in  s t a g e  ( e a r l y  i n t e r m o u l t )  and  
( l a t e  i n t e r m o u l t )  w e r e  s e l e c t e d  f o r  t h e  p r e s e n t  s t u d y  b y  o b s e r v i n g  
s e t a e  on t h e  p l e o p o d s  ( S c h a f e r ,  1968) u n d e r  m i c r o s c o p e  in t h e  
l a b o r a t o r y .  In t h e  f i e l d ,  t h e  i n t e r m o u l t  s p e c i m e n s  w e r e  s e l e c t e d  
f ro m  t h e  h a r d n e s s  o f  t h e  i n t e g u m e n t .
M ethod o f  c o l l e c t io n  o f  h a em o ly m p h
B e fo re  e x t r a c t i n g  h a e m o l y m p h ,  t h e  e x t e r n a l  w a t e r  p r e s e n t  
on t h e  s u r f a c e  o f  t h e  p r a w n s  w a s  r ennove d  b y  b l o t t i n g  w i t h  a f i l t e r  
p a p e r .  1 ml d i s p o s a b l e  h y p o d e r m i c  s y r i n g e  f i t t e d  w i t h  24 gauge 
n e e d l e  a f t e r  r i n s i n g  w i t h  a n t i c o a g u l a n t  (1% s o d iu m  c i t r a t e )  w a s  u s e d  
f o r  t h e  w i t h d r a w a l  o f  h a e m o l y m p h .  T h e  n e e d l e  w a s  c a r e f u l l y  
i n s e r t e d  i n to  t h e  p e r i c a r d i a l  r e g i o n  t h r o u g h  t h e  i n t e r s e g m e n t a l  
m e m b r a n e  b e t w e e n  t h e  c e p h a l o t h o r a x  a n d  t h e  f i r s t  a b d o m i n a l  
s e g m e n t .  T h e  w i t h d r a w n  f l u i d  w a s  g e n t l y  e m p t i e d  i n to  a l a b e l l e d  
g l a s s  v i a l  c o n t a i n i n g  1% s o d iu m  c i t r a t e  ( a n t i c o a g u l a n t )  and  
t h o r o u g h l y  s h a k e n  f o r  u n i f o r m  m i x i n g .  C a r e  w a s  t a k e n  n o t  to 
w i t h d r a w  t h e  t i s s u e  p a r t i c l e s  w i t h  t h e  h a e m o l y m p h  a s  w e l l  a s  to
c a u s e  minimum s t r e s s  to t h e  a n i m a l .  G l a s s  v i a l s  w i t h  h a e m o l y m p h  
w e r e  p r e s e r v e d  in an  i c e  b o x  c o n ta i n in g  a d e q u a t e  i c e  u n t i l  f u r t h e r  
a n a l y s i s  in t h e  l a b o r a t o r y .
M orphom etr ic  m easu rem en ts
A f t e r  e x t r a c t i o n  of  h a e m o l y m p h ,  m o r p h o m e t r i c  m e a s u r e m e n t s  
s u c h  a s  t o t a l  l e n g t h ,  c a r a p a c e  l e n g t h ,  w e i g h t ,  s e x  a n d  s t a g e  of  
m a t u r i t y  ( in  t h e  c a s e  o f  m a t u r e  f e m a l e s )  of  e a c h  s p e c i m e n  w e r e  
r e c o r d e d .  T h e  t o t a l  l e n g t h  {f rom t i p  o f  t h e  r o s t r u m  to t h e  t i p  of  
t h e  t e l s o n )  a n d  c a r a p a c e  l e n g t h  ( d i s t a n c e  b e t w e e n  p o s t o r b i t a l  n o t c h  
a n d  t h e  p o s t e r i o r  m i d  d o r s a l  m a r g i n  o f  t h e  c a r a p a c e )  w e r e  m e a s u r e d  
on a m e a s u r i n g  b o a r d  a n d  d i v i d e r  r e s p e c t i v e l y .  F r e s h  w e i g h t  up to 
t h e  n e a r e s t  100 mg w a s  r e c o r d e d  b y  u s in g  a p a n  b a l a n c e
m a d e  b y  A v e r y .  T h e  d i f f e r e n t  s t a g e s  o f  m a t u r i t y  o f  f e m a le  p r a w n s  
w e r e  d e t e r m i n e d  b y  o b s e r v i n g  t h e  s i z e  a n d  c o l o u r  p a t t e r n  of  t h e  
o v a r y  a s  g i v e n  b e l o w  (R ao ,  1 9 6 8 ) .
S ta ge  o f  o v a r y  d e v e l o p m e n t
I I m m a tu r e
II E a r l y  m a t u r in g
I I I  L a t e  m a tu r in g
D e s c r i p t i o n  o f  t h e  o v a r y
C o n f i n e d  to t h e  a b d o m e n ,  t r a n s ­
l u c e n t
A n t e r i o r  a n d  m i d d l e  l o b e s  a r e  
d e v e l o p i n g ;  l i g h t  y e l l o w  to 
y e l l o w i s h  g r e e n
A n t e r i o r  a n d  m i d d l e  l o b e s  a r e  
f u l l y  d e v e l o p e d ;  l i g h t  g r e e n  a n d  
v i s i b l e  t h r o u g h  t h e  e x o s k e l e t o n
IV iMaturing
V S p e n t  r e c o v e r i n g
D a r k  g r e e n  a n d  c l e a r l y  v i s i b l e  
t h r o u g h  t h e  e x o s k e l e t o n
O v a r y  i s  v i s i b l e  t h r o u g h  e x o ­
s k e l e t o n ;  w i t h  a n t e r i o r ,  m i d d l e  a n d  
p o s t e r i o r  l o b e s  b u t  w i t h o u t  a n y  
m a t u r e  o v a .  As t h e  o v a r y  a f t e r  
s p a w n i n g  r e s e m b l e s  t h e  e a r l y  
m a t u r in g  s t a g e  in  t h e  gonad  
o b s e r v a t i o n ,  t h e  s i z e  of  t h e  p r a w n  
w a s  u s e d  to d i s t i n g u i s h  t h i s  s t a g e  
f ro m  t h e  i m m a t u r e  v i r g i n  f e m a l e s .  
T h o s e  a b o v e  150 mm t o t a l  l e n g t h  
f o r  P .  in d ic u s  a n d  130 mm f o r  M. 
m onoceros w e r e  c o n s i d e r e d  to 
b e l o n g  to t h i s  s t a g e .
S u b r a h m a n y a m  ( 1967) r e p o r t e d  t h a t  t h e  l e n g t h  a t  f i r s t  
m a t u r i t y  f o r  P .  in d ic u s  w a s  140 mm ( t o t a l  l e n g t h )  a n d  t h a t  of  a 
s p e n t  f e m a le  w a s  150 mm ( t o t a l  l e n g t h ) .  N a l in i  ( 1976)  d e t e r m i n e d  
l e n g t h  a t  f i r s t  m a t u r i t y  a s  118 mm ( t o t a l  l e n g t h )  f o r  M. m o n o c er o s .  
A c c o r d i n g  to N a l in i  ( 1976)  a n d  S u d h a k a r a  Rao (1989 )  w h o  s t u d i e d  
M. m onoceros s u p p o r t i n g  t h e  f i s h e r y  a t  K a k i n a d a ,  i t  w a s  f o u n d  t h a t  
a  m a j o r i t y  o f  m a t u r e  s p e c i m e n s  w e r e  a t  130 mm t o t a l  l e n g t h .  On 
t h e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  t h e  f e m a l e s  o f  P .  i n d ic u s  m e a s u r i n g  
a b o v e  150 mm a n d  t h o s e  of  M. m onoceros  of  a b o v e  130 mm s i z e  
w e r e  t r e a t e d  a s  s p e n t  r e c o v e r i n g  s p e c i m e n s .
W hi le  s a m p l i n g  f ro m  b r a c k i s h w a t e r  p o n d s ,  h a e m o l y m p h  
s a m p l e s  w e r e  c o l l e c t e d  f ro m  a s  m any  s p e c i m e n s  a s  p o s s i b l e .  Out
of  t h e s e  a s m a l l  n u m b e r  of  s p e c i m e n s  w e r e  u s e d  f o r  d e t e r m i n i n g  
b i o c h e m i c a l  c o m p o s i t i o n  o f  m u s c l e .  Al l  m o r p h o m e t r i c  m e a s u r e m e n t s  
w e r e  t a k e n  of t h e  s p e c i m e n s  u s e d  f o r  b i o c h e m i c a l  s t u d y  o f  m u s c l e .  
Only  c a r a p a c e  l e n g t h  w a s  m e a s u r e d  o f  e a c h  s p e c i m e n  u s e d  f o r  
h a e m o l y m p h  e x t r a c t i o n .
P r e p a r a t io n  o f  m a te r ia l  fo r  b io c h e m ic a l  a n a l y s i s  
Muscle  :
A f t e r  m e a s u r i n g  a l l  m o r p h o m e t r i c  c h a r a c t e r s ,  h e a d  of  t h e  
e a c h  s p e c i m e n  w a s  r e m o v e d ,  w e i g h t  o f  t h e  a b d o m e n  w a s  m e a s u r e d ,  
o v e n  d r i e d  a t  80°C f o r  48 h  a n d  r e w e i g h e d .  D i f f e r e n c e  b e tw e e n  
w e t  a n d  d r y  w e i g h t  o f  e a c h  a b d o m e n  w a s  r e c o r d e d  a s  w a t e r  
c o n t e n t ,  w h i c h  g i v e s  p e r c e n t a g e  o f  w a t e r  c o n t e n t  on w e t  w e i g h t
b a s i s .
E x o s k e l e t o n  o f  e a c h  a b d o m e n  w a s  s e p a r a t e d  a n d  a b d o m i n a l  
m u s c l e  w a s  g r o u n d  to f i n e  p o w d e r  w i t h  m o r t a r  a n d  p e s t l e .  E a c h  
a b d o m e n  m u s c l e  p o w d e r  w a s  t r a n s f e r r e d  in to  a c l e a n e d ,  d r i e d  a n d  
l a b e l l e d  g l a s s  v i a l  a n d  t h e n  s t o r e d  in  a d e e p  f r e e z e r  ( - 1 2 ° C )  u n t i l  
f u r t h e r  a n a l y s i s  w a s  c a r r i e d  o u t .
G o n a d ;
Gonad w a s  s e p a r a t e d  f r o m  e a c h  f e m a l e  p r a w n  a n d  w e t
w e i g h t  { n e a r e s t  10 mg)  w a s  m e a s u r e d .  A f t e r  o v e n  d r y i n g  a t  80°C
f o r  48 h ,  t h e  d r y  w e i g h t  w a s  r e c o r d e d  to c a l c u l a t e  t h e  p e r c e n t a g e
o f  w a t e r  c o n t e n t  a s  d o n e  e a r l i e r  f o r  m u s c l e .  T h e  e n t i r e  d r y  g o n a d  
w a s  m a d e  i n to  p o w d e r ,  t r a n s f e r r e d  in to  l a b e l l e d  v i a l  a n d  w a s  
s t o r e d  in a d e e p  f r e e z e r .
B io c h e m ic a l  A n a ly s i s
H a e m o ly m p h  :
T h e  h a e m o l y m p h  w a s  a n a l y s e d  f o r  p r o t e i n ,  c a r b o h y d r a t e ,  
c o p p e r ,  c a l c i u m  a n d  D otass ium  c o n t e n t s .  T h e  d e t a i l s  o f  t h e  
d i f f e r e n t  m e t h o d s  u s e d  to e s t i m a t e  t h e  v a r i o u s  c o n s t i t u e n t s  of  
h a e m o l y m p h  a r e  g i v e n  b e l o w :
P r o t e i n  e s t i m a t i o n :
B i u r e t  m e t h o d  ( G o r n a l l  e t  a l . ,  1949)
P r i n c i p l e  : Two c a r b a m y l  g r o u p s  p r e s e n t  in  p r o t e i n  m o l e c u l e s
c o m b i n e  w i t h  c o p p e r  a n d  p o t a s s i u m  o f  t h e  b i u r e t  r e a g e n t  to fo rm  a
b l u e  c o l o u r e d  c o m p o u n d .  T h e  c o l o u r  f o r m e d  i s  p r o p o r t i o n a l  to t h e
a m o u n t  o f  t h e  c a r b a m y l  g r o u p s  p r e s e n t  in t h e  p r o t e i n .
R e a g e n t  : 1.  IN NaOH: 4 g o f  NaOH p e l l e t s  w a s  d i s s o l v e d  in 
100 m l  of  d i s t i l l e d  w a t e r
2 .  B i u r e t  r e a g e n t  : 1 .5  g o f  c u p r i c  s u l p h a t e  (CuSO^.
5H 0 )  a n d  6 . 0  g o f  s o d iu m  p o t a s s i u m  t a r t r a t e
2
( K N a C . H . O , .  4H^0)  w e r e  d i s s o l v e d  i n  500 ml  o f  
d i s t i l l e d  w a t e r .  300 ml  o f  10% IN s o d i u m  h y d r o x i d e  
s o l u t i o n  w a s  a d d e d  a n d  m a d e  u p t o  1000 ml  w i t h  
d i s t i l l e d  w a t e r .
P r o c e d u r e
P r e p a r a t i o n  of  s t a n d a r d  g r a p h  : 25 mg o f  b o v i n e  s e r u m  a l b u m i n  
f r a c t i o n  w a s  d i s s o l v e d  in 5 ml  o f  IN NaOH to b e  u s e d  a s  p r o t e i n  
s t a n d a r d .  0 .2  m l ,  0 . 4  m l ,  0 . 6  m l ,  0 . 8  ml  a n d  1 .0  ml  o f  t h e  
p r o t e i n  s t a n d a r d  s o l u t i o n  w a s  t a k e n  in s e p a r a t e  t e s t  t u b e s  a n d  t h e s e  
d i f f e r e n t  s o l u t i o n s  w e r e  m a d e  up to 2 ml w i t h  IN NaOH. 8 ml  o f  
b i u r e t  r e a g e n t  w a s  a d d e d  to t h e  s o l u t i o n  in e a c h  t e s t  t u b e ,  m i x e d  
w e l l  a n d  a l l o w e d  to s t a n d  a t  room  t e m p e r a t u r e .  A f t e r  30 m i n u t e s ,  
t h e i r  o p t i c a l  d e n s i t i e s  w e r e  m e a s u r e d  a t  540 nm on a s p e c t r o p h o t o ­
m e t e r  , (Model  UNICAM S P .  6 0 0 ) .  B l a n k  h a v i n g  2 ml o f  IN NaOH a n d  
8 ml  o f  b i u r e t  r e a g e n t  w a s  s e t  u p .  S t a n d a r d  g r a p h  w a s  d r a w n  b y  
p l o t t i n g  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  on X - a x i s  a n d  o p t i c a l  d e n s i t y  
on Y - a x i s .
E s t i m a t i o n  o f  p r o t e i n  f ro m  s a m p l e  :
1. 0 .0 5  ml  o f  h a e m o l y m p h  w a s  t a k e n  b y  a m i c r o p i p e t t e  a n d  
p o u r e d  in to  1 ml  o f  d e p r o t e i n i z i n g  a g e n t  (80% e t h a n o l ) .
2 .  C e n t r i f u g e d  a t  3000 r p m  f o r  5 m i n u t e s ,  d i s c a r d e d  t h e  
s u p e r n a t a n t  a n d  2 ml  o f  IN NaOH w a s  a d d e d  to d i s s o l v e  t h e  
p r e c i p i t a t e .
3 .  A f t e r  10 m i n u t e s ,  8 ml  o f  b i u r e t  r e a g e n t  w a s  a d d e d ,  m i x e d  
w e l l  a n d  a l l o w e d  to s t a n d  a t  room  t e m p e r a t u r e .
4 .  B la n k  w a s  s e t  up  s i m u l t a n e o u s l y  h a v i n g  2 ml  o f  IN NaOH a n d  8
ml o f  b i u r e t  r e a g e n t .
5 .  A f t e r  30 m i n u t e s ,  o p t i c a l  d e n s i t y  w a s  m e a s u r e d  in  a s p e c t r o ­
p h o t o m e t e r  a t  540 nm a g a i n s t  t h e  b l a n k .
6 .  R e f e r r e d  t h e  s t a n d a r d  g r a p h  a n d  p r o t e i n  c o n c e n t r a t i o n  w a s  
f o u n d .
E s t i m a t i o n  o f  C a r b o h y d r a t e  :
A n t h r o n e  r e a g e n t  m e t h o d  (R oe ,  1955) :
P r i n c i p l e  : S u l p h u r i c  a c i d  in  a n t h r o n e  r e a g e n t  h y d r o l y s e s  d i  a n d  
o l i g o s a c c h a r i d e s  i n t o  m o n o s a c c h a r i d e s ;  and  d e h y d r a t e s  a l l  
m o n o s a c c h a r i d e s  i n to  f u r f u r a l  d e r i v a t i v e s .  T h e s e  two c o m p o u n d s  
r e a c t  w i t h  a n u m b e r  o f  p h e n o l i c  c o m p o u n d s  a n d  one  s u c h  i s  
a n t h r o n e  w h i c h  p r o d u c e s  a c o m p l e x  c o l o u r e d  p r o d u c t .  T h e  i n t e n s i t y  
o f  c o l o u r  i s  p r o p o r t i o n a l  to t h e  a m o u n t  o f  s a c c h a r i d e s  p r e s e n t  in
t h e  s a m p l e  (R oe ,  1 9 5 5 ) .
R e a g e n t s : 1. A n t h r o n e  r e a g e n t : 50 mg of  a n t h r o n e  a n d  1 g of  
t h i o u r e a  w e r e  d i s s o l v e d  in 100 ml  o f  66% s u l p h u r i c
a c i d  ( A . R . : 1 . 8 4  s p . g r . ) .
2.  G l u c o s e  s t a n d a r d : 100 mg of  D - g l u c o s e  w a s  
d i s s o l v e d  in 100 ml  o f  s a t u r a t e d  b e n z o i c  a c i d .
3.  D e p r o t e i n i z i n g  a g e n t : 80 ml  of  a b s o l u t e  e t h a n o l  w a s  
d i l u t e d  to 100 m l  w i t h  d i s t i l l e d  w a t e r  (80%
e t h a n o l ) .
P r o c e d u r e ;
1.  0 .2  ml  of  h a e m o l y m p h  w a s  t a k e n  a n d  a d d e d  to 1 .8  ml o f
d e p r o t e i n i z i n g  a g e n t .
2 .  C e n t r i f u g e d  a t  2500 r p m  f o r  5 m in u t e s  a n d  t h e  s u p e r n a t a n t  w a s
c o l l e c t e d .
3 .  10 ml  of  a n t h r o n e  r e a g e n t  w a s  a d d e d  to 1 ml  o f  h a e m o l y m p h  
f i l t r a t e ,  1 ml  o f  s t a n d a r d  g l u c o s e ;  a n d  1 m l  o f  d i s t i l l e d  
w a t e r  ( b l a n k ) .
4 .  M i x t u r e  w a s  h e a t e d  in  w a t e r  b a t h  f o r  10 to 15 m in u te s  a n d  
c o o l e d  in d a r k  a t  room  t e m p e r a t u r e  f o r  30 m i n u t e s .
5 .  O p t i c a l  d e n s i t y  w a s  m e a s u r e d  a t  620 nm a n d  t o t a l  
c a r b o h y d r a t e  c o n t e n t  was  c a l c u l a t e d  u s in g  t h e  f o l l o w i n g
e q u a t i o n :
nnt.ir.al d e n s i t y  of the s a m p l e  C o n c e n t r a t i o n  of ^ d i l u t i o n  f a c t o r  100 m g %
■I ' ' X / - \ ^
O p t i c a l  d e n s i t y  of the s t a n d a r d  the s t a n d a r d  (10)
E s t i m a t i o n  o f  p o t a s s i u m ,  c a l c i u m  a n d  c o p p e r  c o n t e n t s :
0 .1  ml o f  h a e m o l y m p h  w a s  d i g e s t e d  in 1 m l  o f  c o n c e n t r a t e d  
n i t r i c  a c i d .  T h i s  s o l u t i o n  w a s  m a d e  up to 10 ml  in a v o l u m e t r i c  
f l a s k  w i t h  d e i o n i s e d  w a t e r .  T h e  10 ml  s o l u t i o n  w a s  u s e d  a s  
s a m p l e  s o l u t i o n  f o r  e s t i m a t i o n  o f  p o t a s s i u m ,  c a l c i u m  a n d  c o p p e r  
c o n t e n t s  in t h e  h a e m o l y m p h .
P o t a s s i u m  c o n t e n t  w a s  e s t i m a t e d  b y  f e e d i n g  t h e  s a m p l e  
s o l u t i o n  in to  f l a m e  p h o t o m e t e r  a g a i n s t  b l a n k  a n d  s t a n d a r d  p o t a s s i u m  
s o l u t i o n .  D e i o n i s e d  w a t e r  w a s  u s e d  a s  b l a n k .
C a lc ium  a n d  c o p p e r  c o n c e n t r a t i o n s  w e r e  m e a s u r e d  b y  
a s p i r a t i n g  t h e  s a m p l e  s o l u t i o n  i n to  t h e  a i r  a c e t y l e n e  f l a m e  o f  Atomic 
A b s o r p t i o n  S p e c t r o p h o t o m e t e r  ( M o d e l  SHIMAOZU. TYPE AA-640-12)
a g a i n s t  b l a n k  a n d  s t a n d a r d  s o l u t i o n s  o f  c a l c i u m  a n d  c o p p e r .  
D e i o n i s e d  w a t e r  w a s  u s e d  a s  b l a n k .
P o t a s s i u m  a n d  c a l c i u m  c o n t e n t s  w e r e  e x p r e s s e d  a s  m g /1 0 0 m l  
a n d  c o p p e r  c o n te n t  v a l u e  w a s  g i v e n  a s  ; j g / m l .
M uscle:
P r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  in  t h e  m u s c l e  w e r e  
e s t i m a t e d .  T o s h n i w a l  (M o d e l  No P B I /X )  s i n g l e  p a n  e l e c t r i c a l  
b a l a n c e  w a s  u s e d  to w e i g h  m u s c l e  s a m p l e  in r e q u i r e d  q u a n t i t i e s  
l i k e  20 m g,  25 mg,  a n d  50 mg f o r  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  
e s t i m a t i o n s  r e s p e c t i v e l y .
P r o t e i n  e s t i m a t i o n ;
B i u r e t  m e t h o d  ( G o r n a l l  e t  a l . , 1949) :
P r e p a r a t i o n  o f  r e a g e n t s  a n d  s t a n d a r d  g r a p h  w a s  d o n e  a s  
m e n t i o n e d  e a r l i e r  f o r  e s t i m a t i o n  o f  p r o t e i n  in h a e m o l y m p h .
P r o c e d u r e  :
1.  20 mg s a m p l e  w a s  h o m o g e n i z e d  in  a  P o t t e r - R e m i  h o m o g e n i z e r  
w i t h  5 ml o f  101 t r i c h l o r o a c e t i c  a c i d  ( d e p r o t e i n i z i n g  a g e n t )  
f o r  3 m i n u t e s .
2 .  C e n t r i f u g e d  f o r  5 m i n u t e s  a t  3000 r p m ,  s u p e r n a t a n t  w a s  
d i s c a r d e d  a n d  p r e c i p i t a t e  w a s  d i s s o l v e d  in 8 m l  o f  IN NaOH.
3 .  2 . ml s u b - s a m p l e  o f  (2 )  w a s  t a k e n  to w h i c h  8 ml  o f  b i u r e t  
r e a g e n t  was  a d d e d  ( a f t e r  10 m i n u t e s ) .
4 .  2 ml  of  IN NaOH a d d e d  to 8 m l  of  b i u r e t  r e a g e n t  w a s  t a k e n  
a s  b l a n k .
5.  A f t e r  30 m i n u t e s ,  o p t i c a l  d e n s i t y  was  m e a s u r e d  in a s p e c t r o ­
p h o t o m e t e r  a t  540 nm a g a i n s t  t h e  b l a n k .
6 .  P r o t e i n  c o n t e n t  w a s  d e t e r m i n e d  b y  r e f e r r i n g  to t h e  c a l i b r a t i o n  
on t h e  s t a n d a r d  g r a p h .
C a r b o h y d r a t e  e s t i m a t i o n ;
P h e n o l - s u l p h u r i c  a c i d  m e t h o d  ( D u b o i s  e t  a l . ,  1956) :
R e a g e n t s ;
1. C h l o r o f o r m  : m e t h a n o l  ( 2 : 1 )  : 20 ml of  c h l o r o f o r m  w a s  m i x e d  
w i t h  10 ml  o f  m e t h a n o l .
2 .  10^ T r i c h l o r o a c e t i c  a c i d  : 10 g o f  t r i c h l o r o a c e t i c  a c i d  was  
d i s s o l v e d  in  100 ml  o f  d i s t i l l e d  w a t e r .
3 . 5% P h e n o l  r e a g e n t  : 5 g o f  p h e n o l  r e a g e n t  w a s  d i s s o l v e d  in 
100 ml  of  d i s t i l l e d  w a t e r .
4 .  S u l p h u r i c  a c i d  : C o n c e n t r a t e d  s u l p h u r i c  a c i d  ( A R : 1 . 8 4  s p . g r . ) .
P r o c e d u r e ;
P r e p a r a t i o n  of  s t a n d a r d  g r a p h : 100 mg o f  D - g l u c o s e  was  d i s s o l v e d  
in  100 ml o f  d i s t i l l e d  w a t e r  ( I m g / m l ) .  F rom t h i s  s o l u t i o n  1 ml 
w a s  t a k e n ,  m a d e  up to 10 m l  w i t h  d i s t i l l e d  w a t e r  w h i c h  w a s  u s e d  
a s  s t a n d a r d  (100 / a g / m l ) .  0 . 1  m l ,  0 . 3  m l ,  0 . 5  m l ,  0 . 7  ml a n d  0 .9  
ml  o f  g l u c o s e  s t a n d a r d  s o l u t i o n  w a s  t a k e n  in  s e p a r a t e  t e s t  tubes, 
t h e s e  s o l u t i o n s  w e r e  m a d e  u p  to 1 m l  w i t h  10% t r i c h l o r o a c e t i c  a c i d
i n d i v i d u a l l y .  1 ml  of  5% p h e n o l  r e a g e n t  a n d  5 ml  o f  s u l p h u r i c  a c i d  
w e r e  a d d e d  to e a c h  s o l u t i o n  a n d  a l l o w e d  to s t a n d  f o r  30 m i n u t e s .  
A l l  s o l u t i o n s  w e r e  s h a k e n  w e l l  to g e t  un i fo rm  m i x i n g  a n d  p l a c e d  in 
w a t e r  b a t h  f o r  10 m i n u t e s .  A f t e r  c o o l i n g ,  o p t i c a l  d e n s i t y  of  e a c h  
s o l u t i o n  w a s  m e a s u r e d  a t  490 nm in  a s p e c t r o p h o t o m e t e r  a g a i n s t  
b l a n k  w h i c h  w a s  w i t h  1 ml of  t r i c h l o r o a c e t i c  a c i d ,  1 ml of  p h e n o l  
r e a g e n t  a n d  5 ml  o f  s u l p h u r i c  a c i d .
S lo p e  w a s  d r a w n  b y  p l o t t i n g  c a r b o h y d r a t e  c o n c e n t r a t i o n  on 
X - a x i s  a n d  o p t i c a l  d e n s i t y  on Y - a x i s .
E s t i m a t i o n  f rom  s a m p l e ;
1.  25 mg of  s a m p l e  w a s  h o m o g e n i z e d  w i t h  2 ml o f  2 :1  c h l o r o f o r m :  
m e t h a n o l  s o l u t i o n ,  c e n t r i f u g e d  a n d  s u p e r n a t a n t  w a s  d i s c a r d e d
( l i p i d  e x t r a c t e d  o u t ) .
2 .  10 ml of  10% t r i c h l o r o a c e t i c  a c i d  w a s  a d d e d ,  a l l o w e d  to s t a n d  
in a w a t e r  b a t h  f o r  45 m i n u t e s  a n d  f i l t e r e d  t h r o u g h  Whatman
No. 1 f i l t e r  p a p e r .
3 .  F i l t r a t e  w a s  m a d e  up  to 10 m l  o u t  o f  w h i c h  1 ml  of  s u b ­
s a m p l e  w a s  t a k e n  to w h i c h  1 m l  of  p h e n o l  r e a g e n t  a n d  5 ml  
o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w e r e  a d d e d  a n d  a l l o w e d  to
s t a n d  f o r  10 m i n u t e s .
4 .  M ix e d  s o l u t i o n  o f  ( 3 )  w a s  s h a k e n  w e l l  a n d  p l a c e d  in a w a t e r  
b a t h  f o r  10 m i n u t e s  ( e n d  c o l o u r  of  s o l u t i o n  w a s  y e l l o w - o r a n g e ) .
5.  B la n k  w a s  s e t  up w i t h  1 m l  o f  d i s t i l l e d  w a t e r ,  1 ml o f  
p h e n o l  r e a g e n t  a n d  5 ml o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
6 .  O p t i c a l  d e n s i t y  w a s  m e a s u r e d  a t  490 nm in  s p e c t r o p h o t o m e t e r  
a g a i n s t  b l a n k .
7 .  C a r b o h y d r a t e  c o n t e n t  w a s  d e t e r m i n e d  b y  r e f e r r i n g  to t h e  
c a l i b r a t i o n  on t h e  s t a n d a r d  g r a p h .  T h e  r e a d i n g  on t h e  g r a p h  
w a s  m u l t i p l i e d  b y  40 to o b t a i n  c a r b o h y d r a t e  c o n t e n t  in
mg/lOOmg o f  s a m p l e .
L i p i d  e s t i m a t i o n ;
S u l p h o - p h o s p h o v a n i l l i n  m e t h o d  ( B a r n e s  a n d  B l a c k s t o c k ,  1973) :
P r i n c i p l e ;
T h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of  l i p i d  b y  s u l p h o - p h o s p h o  
v a n i l l i n  m e t h o d  d e p e n d s  on t h e  r e a c t i o n  o f  l i p i d s  e x t r a c t e d  f ro m  t h e  
s a m p l e  u s in g  c h l o r o f o r m  m e t h a n o l  m i x t u r e ,  w i t h  s u l p h u r i c  a c i d ,  
p h o s p h o r i c  a c i d  a n d  v a n i l l i n  to g i v e  a r e d  c o m p l e x .
R e a g e n t s ;
1 . C h l o r o f o r m  : m e t h a n o l  ( 2 : 1 )  : 20 ml  of  c h l o r o f o r m  w a s  m i x e d
w i t h  10 ml of  m e t h a n o l .
2 .  n.q°. Sodium c h l o r i d e  : 900 mg of s o d i u m  c h l o r i d e  w a s
d i s s o l v e d  in 100 m l  of  d i s t i l l e d  w a t e r .
3 .  P h n s n h o v a n i l l i n  r e a g e n t  : 800 ml  of  o r t h o p h o s p h o r i c  a c i d  w a s  
a d d e d  to 200 m l  o f  d i s t i l l e d  w a t e r .  2 g o f  v a n i l l i n  r e a g e n t
was  d i s s o l v e d  in  t h i s  s o l u t i o n .
P r o c e d u r e :
P r e p a r a t i o n  of  s t a n d a r d  g r a p h  : S t a n d a r d  s o l u t i o n  w a s  p r e p a r e d  b y  
d i s s o l v i n g  10 mg o f  c h o l e s t e r o l  in 10 ml  o f  2 :1  - c h l o r o f o r m  : 
m e t h a n o l  s o l u t i o n .  0 .1  m l ,  0-2  m l ,  0 . 3  m l ,  0 . 4  m l  a n d  0 . 5  mi of  
s t a n d a r d  s o l u t i o n  w a s  t a k e n  in  s e p a r a t e  t e s t  t u b e s  and  a l l  i,est 
t u b e s  w e r e  k e p t  in d e s i c c a t o r  o v e r  s i l i c a  g e l  f o r  d r y i n g .  A f te r  
d r y i n g ,  l i p i d  w a s  d i g e s t e d  b y  a d d i n g  0 .5  ml  o f  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  a n d  k e e p i n g  in w a t e r  b a t h  f o r  10 m i n u t e s .  5 ml of  
v a n i l l i n  r e a g e n t  w a s  a d d e d  to e a c h  t e s t  t u b e ,  m i x e d  w e l l  w i t h  t h e  
s o l u t i o n s  in a l l  t e s t  t u b e s  a n d  a l l o w e d  to s t a n d  f o r  30 m i n u t e s .  
O p t i c a l  d e n s i t y  o f  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  w a s  m e a s u r e d  a t  520 
nm in s p e c t r o p h o t o m e t e r  a g a i n s t  b l a n k .  0 .2  ml o f  c h l o r o f o r m  was  
t a k e n  in t e s t  t u b e  a n d  a l l o w e d  to e v a p o r a t e .  0 .5  ml  of  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  5 ml o f  v a n i l l i n  r e a g e n t  w e r e  a d d e d  
f o r  u s e  a s  b l a n k .
T h e  r e l a t i o n s h i p  b e t w e e n  c h o l e s t e r o l  c o n c e n t r a t i o n  on X - a x i s  
a n d  o p t i c a l  d e n s i t y  on Y - a x i s  w a s  d r a w n  a s  a s l o p i n g  s t r a i g h t  l i n e .
E s t i m a t i o n  f rom  t h e  s a m p l e  :
1.  50 mg o f  s a m p l e  w a s  h o m o g e n i z e d  w i t h  10 ml o f  2:1 
c h l o r o f o r m  : m e t h a n o l  s o l u t i o n  f o r  10 m i n u t e s  b y  u s in g  Remi 
m o to r  a n d  s o l u t i o n  w a s  f i l t e r e d  t h r o u g h  W ha tm an  No. 1 f i l t e r
p a p e r .
2 .  F i l t r a t e  w a s  m a d e  up to 10 ml  w i t h  c h l o r o f o r m ,  2 ml  o f  0.9%
s o d iu m  c h l o r i d e  w a s  a d d e d ,  m i x e d  w e l l  a n d  k e p t  a t  4°C in
r e f r i g e r a t o r  o v e r  n i g h t .
3 .  L o w e r  p h a s e  o f  s o l u t i o n  w a s  s e p a r a t e d  i n t o  a  c l e a n e d  t e s t
t u b e  a n d  m a d e  up to 10 m l  w i t h  c h l o r o f o r m ,
4 .  0 . 5  ml  o f  s u b - s a m p l e  w a s  t a k e n  a n d  d r i e d  in  d e s i c c a t o r  o v e r
s i l i c a  g e l .
5 .  L i p i d  w a s  d i g e s t e d  b y  a d d i n g  0 . 5  ml  of  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  a n d  k e p t  in  a w a t e r  b a t h  f o r  10 m i n u t e s .
6 .  5 ml  o f  v a n i l l i n  r e a g e n t  w a s  a d d e d  to t h e  d i g e s t e d  l i p i d  a n d  
a f t e r  30 m i n u t e s  o p t i c a l  d e n s i t y  w a s  m e a s u r e d  a t  520 nm in
s p e c t r o p h o t o m e t e r  a g a i n s t  b l a n k .
7 .  L i p i d  c o n t e n t  w a s  d e t e r m i n e d  b y  r e f e r r i n g  to t h e  s t a n d a r d  
g r a p h  a n d  t h e  r e a d i n g  w a s  m u l t i p l i e d  w i t h  40 to g e t  l i p i d  
c o n t e n t  in m g /100  mg o f  s a m p l e .
Gonad
P r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  o f  gonad  w e r e  
e s t i m a t e d  b y  f o l l o w i n g  t h e  s a m e  m e t h o d s  w h i c h  w e r e  u s e d  in m u s c l e  
a n a l y s i s .  In t h e  p r o c e s s  of  p r o t e i n  e s t i m a t i o n ,  l i p i d  i n t e r f e r e n c e  
w a s  e l i m i n a t e d  b y  t r e a t i n g  w i t h  a c e t o n e .  3 ml  o f  a c e t o n e  w a s  
a d d e d  to 20 mg o f  s a m p l e .  A f t e r  10 m in u t e s  t h e  m i x t u r e  w a s  
c e n t r i f u g e d  a n d  t h e  s u p e r n a t a n t  w a s  d i s c a r d e d .  D u r in g  c a r b o h y d r a t e  
e s t i m a t i o n  l i p i d  w a s  e l i m i n a t e d  w i t h  t h e  t r e a t m e n t  of  2 : 1  c h l o r o f o r m
m e t h a n o l  s o l u t i o n .
W ater a n a l y s i s
At t h e  t im e  of  s a m p l i n g  f rom  b r a c k i s h w a t e r  p o n d s ,  
t e m o e r a t u r e ,  s a l i n i t y ,  d i s s o l v e d  o x y g e n  and  pH  c o n t e n t  o f  p o n d  
w a t e r  w e r e  o b s e r v e d  b y  u s in g  t h e  f o l l o w i n g  m e t h o d s :
S inc e  l i v e  p r a w n s  w e r e  c o l l e c t e d  f rom  c o m m e r c i a l  t r a w l  n e t  
c a t c h e s  f rom  t h e  i n s h o r e  w a t e r s  o f f  V i s a k h a p a t n a m , w a t e r  s a m p l i n g  
w a s  n o t  done  d u e  to l a c k  of  f a c i l i t i e s  f o r  b o t to m  w a t e r  s a m p l i n g  
a n d  o t h e r  p r a c t i c a l  d i f f i c u l t i e s .
T e m p e r a t u r e  :
W ate r  t e m p e r a t u r e  w a s  r e c o r d e d  b y  d i p p i n g  t h e  c e n t i g r a d e  
t h e r m o m e t e r  b u l b  i n t o  t h e  p o n d  w a t e r  d i r e c t l y  a n d  t e m p e r a t u r e  w a s  
r e c o r d e d  up to 0 . 1°C a c c u r a c y .
S a l i n i t y  :
Pond w a t e r  w a s  c o l l e c t e d  in to  a 1 l i t r e  p o l y t h e n e  w a t e r  
s a m p l e  b o t t l e  a n d  b r o u g h t  to t h e  l a b o r a t o r y  w h e r e  s a l i n i t y  w a s  
e s t i m a t e d  b y  u s i n g  e l e c t r o n i c  b a t t e r y  o p e r a t e d  s a l i n o m e t e r .  
E l e c t r o d e s  w e r e  d i p p e d  i n t o  t h e  w a t e r  a n d  th e n  n e e d l e  r e f l e c t i o n  in  
t h e  m e t e r  was  n o t e d  to r e c o r d  s a l i n i t y  in p p t .
E s t i m a t i o n  of  d i s s o l v e d  o x y g e n  :
D i s s o l v e d  o x y g e n  c o n t e n t  in  t h e  w a t e r  w a s  e s t i m a t e d  b y  
f o l l o w i n g  W i n k l e r ' s  m e t h o d  ( 1 8 8 8 ) .  Pond  w a t e r  w a s  c o l l e c t e d  in 
125 ml  r e a g e n t  b o t t l e  w i t h o u t  a l l o w i n g  a i r  b u b b l e s  i n t o  t h e  b o t t l e .
D i s s o l v e d  o x y g e n  w a s  f i x e d  b y  a d d i n g  f i r s t  d i v a l e n t  manganous  
s o l u t i o n  ( W i n k l e r ' s  A) a n d  th e n  p o t a s s i u m  i o d i d e  ( W i n k l e r ' s  B) to 
t h e  w a t e r .  P r e c i p i t a t i n g  m anganous  h y d r o x i d e  w a s  e v e n l y  d i s p e r s e d  
b y  s h a k i n g  and  w a t e r  s a m p l e  w a s  b r o u g h t  to t h e  l a b o r a t o r y  fo r  
f u r t h e r  a n a l y s i s .  C o n c e n t r a t e d  s u l p h u r i c  a c i d  o f  36N ( W i n k l e r ' s  C) 
w a s  a d d e d  to t h e  s a m p l e .  In t h e  p r e s e n c e  o f  i o d i d e ,  t h e  o x i d i s e d  
m a n g a n e s e  again  r e v e r t s  to t h e  d i v a l e n t  s t a t e  a n d  i o d i n e  w h i c h  i s  
e q u i v a l e n t  to o r i g i n a l  d i s s o l v e d  o x y g e n  c o n t e n t  o f  t h e  w a t e r  i s  
l i b e r a t e d .  The  l i b e r a t e d  i o d i n e  c o n t e n t  w a s  e s t i m a t e d  b y  t i t r a t i n g  
a g a i n s t  s t a n d a r d  s o d i u m  t h i o s u l p h a t e  ( h y p o )  s o l u t i o n  u s i n g  s t a r c h  a s  
i n d i c a t o r .
T h e  d i s s o l v e d  o x y g e n  c o n t e n t  w a s  e x p r e s s e d  a s  m l / 1 .  
E s t i m a t i o n  of  oH o r  h y d r o g e n  ion  c o n c e n t r a t i o n  :
L i tm us  o a p e r  w a s  d i p p e d  i n t o  t h e  p o n d  w a t e r ,  a l l o w e d  to 
d e v e l o p  c o l o u r ,  w h i c h  w a s  c o m p a r e d  w i t h  t h e  g i v e n  s t a n d a r d  c o lo u r  
g r a d e s .  T h e  pH v a l u e  c o r r e s p o n d i n g  to t h e  c o l o u r  g r a d e  was  
r e c o r d e d .
S t a t i s t i c a l  m ethods
T h e  r a n g e  ( R ) ,  mean v a l u e  ( x )  a n d  s t a n d a r d  d e v i a t i o n  (SD) 
o f  e a c h  h a e m o l y m p h  c o n s t i t u e n t  a n d  m u s c l e  c o n s t i t u e n t  f o r  b o t h  
s e x e s  o f  a l l  t h r e e  s p e c i e s  w e r e  c a l c u l a t e d .  S t u d e n t ' s  ' t  t e s t  
( S im p s o n  e t  a l .  , 1960) w a s  e m p l o y e d  to f i n d  o u t  t h e  l e v e l  of
s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  o b s e r v e d  d i f f e r e n c e s  b e t w e e n  d i f f e r e n t  
s e t s  o f  d a t a  a b o u t  t h e  h a e m o l y m p h  a n d  m u s c l e  c o m p o s i t i o n .
To f i n d  o u t  i n t r a - s p e c i f i c  v a r i a t i o n  o f  h a e m o l y m p h  a n d  
m u s c l e  c o n s t i t u e n t s  s t u d e n t ' s  ' t '  t e s t  w a s  u s e d .  T e s t  o f
s i g n i f i c a n c e  w a s  c o n s i d e r e d  ( S im p s o n  e t  a l .  , 1960) a t  0 .0 5  
p r o b a b i l i t y  l e v e l .
R e l a t i o n s h i p s  o f  h a e m o l y m p h  c o n s t i t u e n t s  w i t h  l e n g t h ,  
w e i g h t  a n d  c o n d i t i o n  f a c t o r ;  m u s c l e  c o n s t i t u e n t s  w i t h  l e n g t h ,  w e i g h t  
a n d  c o n d i t i o n  f a c t o r  w e r e  w o r k e d  o u t  b y  l e a s t  s q u a r e  m e t h o d  a n d  
r e g r e s s i o n  l i n e s  w e r e  d r a w n  f o r  r e l a t i o n s h i p s  w h i c h  w e r e  
s i g n i f i c a n t  a t  0 .0 5  p r o b a b i l i t y  l e v e l .
A n a l y s i s  o f  c o v a r i a n c e  ( S n e d e c o r  a n d  C o c h r a n ,  1967) w a s  
e m p l o y e d  f o r  c o m p a r i s o n  o f  m o r p h o m e t r i c  r e l a t i o n s h i p s  b e t w e e n  
s e x e s  a t  5% p r o b a b i l i t y  l e v e l .
A n a l y s i s  o f  v a r i a n c e  ( S im p s o n  e t  a l . ,  1960) w a s  u s e d  to 
f i n d  o u t  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  h a e m o l y m p h  c o n s t i t u e n t s  a n d  
m u s c l e  c o n s t i t u e n t s  o f  p r a w n s  o f  d i f f e r e n t  c r o p s .
D e t a i l s  o f  d a t a  a n a l y s i s  a n d  th e  m e t h o d  f o l l o w e d  w e r e  
m e n t i o n e d  in t h e  r e l e v a n t  c h a p t e r s  w h e r e v e r  n e c e s s a r y .
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CHAPTER 2
LENGTH-W EIC HT AND 
CARAPACE-TOTAL LENGTH RELATIONSHIP
INTRODUCTION
T h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  p r a w n  i s  c a l c u l a t e d  w i t h  
a t h r e e  f o ld  a i m .  F i r s t l y ,  to d e r i v e  a m a t h e m a t i c a l  r e l a t i o n s h i p  
b e t w e e n  two v a r i a b l e s ,  l e n g t h  a n d  w e i g h t ,  so t h a t  t h e  o t h e r  one 
c o u ld  b e  c o m p u t e d  f rom  t h e  known o n e .  S e c o n d l y ,  to m e a s u r e  the  
v a r i a t i o n  from t h e  c a l c u l a t e d  w e i g h t  f o r  l e n g t h  of  i n d i v i d u a l  p r a w n  
a s  an  i n d i c a t i o n  of  f a t n e s s  o r  g e n e r a l  w e l l - b e i n g  o r  gonad 
d e v e l o p m e n t .  T h i r d l y ,  to o b t a i n  y i e l d  e s t i m a t e s  b y  a n a l y t i c a l  
m o d e l s .  S i m i l a r l y ,  c a r a p a c e  l e n g t h - t o t a l  l e n g t h  r e l a t i o n s h i p  i s  
n e e d e d  ' t o  c o m p a r e  i n t e r r e g i o n a l  a n d  i n t e r s e a s o n a l  c a t c h  s t a t i s t i c s ,  
r e s u l t s  of  v a r i o u s  h a e m a t o l o g i c a l  c h a r a c t e r i s t i c s  a n d  p r o x i m a t e  b i o ­
c h e m i c a l  c o m p o s i t i o n  b a s e d  on s i z e  f ro m  d i f f e r e n t  r e g i o n s  s i n c e  
r e s u l t s  a r e  r e p o r t e d  b a s e d  on t o t a l  l e n g t h  a n d  c a r a p a c e  l e n g t h  
a c c o r d i n g  to c o n v e n i e n c e .
T h e  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  M etapenaeus  
m onoceros  in j u v e n i l e s  r a n g i n g  in t o t a l  l e n g t h  f rom  25 to 105 mm 
f rom  Coch in  b a c k w a t e r s  w a s  s t u d i e d  b y  G eorge  ( 1 9 5 9 ) .  S u d h a k a r a  
Rao ( 1985) m a d e  a d e t a i l e d  s t u d y  c o v e r i n g  t h e  e n t i r e  l e n g t h  r a n g e  
on t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  a n d  o t h e r  d i m e n s i o n a l  
r e l a t i o n s h i o s  l i k e  t o t a l  l e n g t h - t a i l  w e i g h t  a n d  t o t a l  l e n g t h - c a r a p a c e  
l e n g t h  of  M. m o n o c e r o s  f r o m  K a k i n a d a  c o a s t .  Rao (1967)  d e r i v e d  
e q u a t i o n s  fo r  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p ,  c a r a p a c e  l e n g t h - t o t a l  
l e n g t h  r e l a t i o n s h i p  a n d  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  of
P enaeus  monodon f ro m  C h i l k a  l a k e  a n d  Penaeus in d ic u s  f rom  C h i l k a  
l a k e  a s  w e l l  a s  f rom  G o p a l p u r  b a c k w a t e r s .  S u b r a h m a n y a r a  a n d  
G a n a o a t i  (1975) s t u d i e d  t h e  b i o l o g y  o f  P .  monodon f r o m  G o d a v a r i  
e s t u a r i n e  s y s t e m  a n d  g a v e  an a c c o u n t  on l i n e a r  r e l a t i o n s h i p s .  
R e c e n t l y ,  S u b r a m a n i a n  (1987)  g a v e  an  a c c o u n t  on c a r a p a c e  l e n g t h -  
t a i l  l e n g t h  a n d  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  P .  i n d ic u s  in 
P a r a n g i p e t t a i  c o a s t a l  e c o s y s t e m .  M o r p h o m e t r i c  s t u d i e s  on o t h e r  
p e n a e i d  p r a w n s  w e r e  m a d e  b y  R a j y a l a k s h m i  ( 1 9 6 1 ) ;  R a m a m u r t h y  a n d  
M a n i c k a r a j a  ( 1 9 7 8 ) ;  T h o m a s  ( 1975) ;  S u k u m a ra n  a n d  R a ja n  ( 1 9 8 1 ) .
O u t s i d e  I n d i a ,  t h e  s t u d y  on t h e  same  l i n e s  w a s  d o n e  b y  
Hal l  ( 1 9 6 2 ) ;  Penn a n d  H a l l  ( 1 9 7 4 ) ;  a n d  F a r m e r  ( 1 9 8 6 ) .
In t h i s  c h a n t e r ,  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p ,  c a r a p a c e  
l e n g t h - w e i g h t  r e l a t i o n s h i p  a n d  c a r a p a c e  l e n g t h - t o t a l  l e n g t h  
r e l a t i o n s h i p  o f  P .  monodon f ro m  t h e  b r a c k i s h w a t e r  p o n d s ,  a n d  of  
P .  in d ic u s  f rom  t h e  b r a c k i s h w a t e r  p o n d s  a s  w e l l  a s  f ro m  t h e  
m a r i n e  e n v i r o n m e n t  a n d  o f  M. m onoceros f ro m  t h e  m a r i n e  
e n v i r o n m e n t  a r e  d e a l t .
RESULTS
D uring  t h i s  s t u d y ,  m e a s u r e m e n t s  of  m o r p h o m e t r i c  c h a r a c t e r s  of  
63 f e m a l e s  (102 to 188 mm s i z e )  a n d  53 m a l e s  (105 to 158 mm) of  
M. m onoceros; 25 f e m a l e s  (122 to 181 mm) a n d  22 m a l e s  (137 to 
169 mm) of  P .  in d ic u s  f r o m  t h e  m a r i n e  e n v i r o n m e n t ;  28 f e m a l e s  (91  
to 149 mm) a n d  16 m a l e s  (104 to 139 mm) of  P .  i n d ic u s  f rom  t h e  
b r a c k i s h w a t e r  p o n d s ;  a n d  13 f e m a l e s  (102 to 166 mm) a n d  23 
m a l e s  (103 to 171 mm) o f  P .  monodon f rom  t h e  b r a c k i s h w a t e r  
p o n d s  w e r e  c o n s i d e r e d  f o r  d e t e r m i n i n g  t h e  v a r i o u s  r e l a t i o n s h i p s .
T o ta l  l e n g t h - w e ig h t  r e la t io n s h ip
S c a t t e r g r a m  of i n d i v i d u a l  v a l u e s  of  l e n g t h s  a n d  t h e i r  
c o r r e s p o n d i n g  w e i g h t s  of  e a c h  s p e c i e s  i s  p l o t t e d  ( F i g s .  3 - 6 ) .  
S inc e  t h e  r e l a t i o n s h i p  w a s  fo u n d  to b e  e x p o n e n t i a l ,  t o t a l  l e n g t h -  
w e i g h t  r e l a t i o n s h i p  w a s  c a l c u l a t e d  b y  t r a n s f o r m i n g  t h e  e x p o n e n t i a l
r e l a t i o n s h i p :
r ' TW = aL
( w h e r e  W= w e i g h t  o f  t h e  p r a w n ,  L -  t o t a l  l e n g t h  o f  t h e  p r a w n  
a n d  ' a '  a n d  ' b '  a r e  c o n s t a n t s )  to t h e  l o g a r i t h m i c  f o r m :
Log W = a  + b  Log L 
w h i c h  g i v e s  a s t r a i g h t  l i n e  r e l a t i o n s h i p  ( F i g s .  3 - 6 ) .  T h e  
c o n s t a n t s  ' a '  a n d  ' b '  w e r e  c a l c u l a t e d  b y  f o l l o w i n g  l e a s t  s q u a r e  
m e t h o d .  A n a l y s i s  o f  c o v a r i a n c e  (F  v a l u e )  s h o w e d  t h a t  t h e  
d i f f e r e n c e  b e t w e e n  r e g r e s s i o n  c o e f f i c i e n t s  of  t h e  two  s e x e s  w a s
s t a t i s t i c a l l y  s i g n i f i c a n t  in t h e  c a s e  o f  M- m onoceros  a n d  P .  in d ic u s  
c o l l e c t e d  f rom  b o t h  t h e  m a r i n e  a n d  b r a c k i s h w a t e r  e n v i r o n m e n t s  
( T a b l e  1 ) .  Hence ,  s e p a r a t e  e q u a t i o n s  w e r e  d e r i v e d  f o r  t h e  two 
s e x e s .  In t h e  c a s e  o f  P .  m onodon, d i f f e r e n c e  b e t w e e n  t h e  s e x e s  
w a s  n o t  s i g n i f i c a n t  s t a t i s t i c a l l y  a l l o w i n g  p o o l i n g  up o f  t h e  d a t a  of  
t h e  two s e x e s  to o b t a i n  a s i n g l e  r e l a t i o n s h i p  ( T a b l e  1 ) .  I t  may 
b e  s e e n  f rom  t h e  s c a t t e r g r a m s  ( F i g s .  3 -6 )  t h a t  f e m a l e s  o f  P .  
in d ic u s  a n d  M. m on oceros  f ro m  t h e  m a r i n e  e n v i r o n m e n t  a r e  h e a v i e r  
t h a n  t h e  m a l e s ;  w h i l e  m a l e s  of  P .  in d ic u s  f ro m  t h e  b r a c k i s h w a t e r  
a r e  h e a v i e r  t h a n  t h e  f e m a l e s  f ro m  t h e  sam e  e n v i r o n m e n t .
T h e  l o g a r i t h m i c  a n d  e x p o n e n t i a l  r e l a t i o n s h i p s  b e t w e e n  t o t a l  
l e n g t h  a n d  w e i g h t  of  a l l  t h e  t h r e e  s p e c i e s  a r e  a s  f o l l o w s :
M, m onoceros
M ales  : Log W = - 5 . 8 0 7 6  + 3 .3 2 0 7  Log L ( r=  0 .9 9 1 5 )
F e m a l e s  : Log W = - 6 . 4 2 8 1  + 3 .6 2 0 8  Log L ( r  = 0 .9 5 )
3 .3 2 0 7
M ales  t W = 0 .0000014  L
3 .6 2 0 8
F e m a l e s  : W = 0 .00000037  L 
P .  monodon
Log W = - 5 .  1648 + 3 .0207  Log L ( r  = 0 .9 3 3 6 )
3 0207
W = 0 .0000068 L 
P .  in d ic u s  ( m a r i n e  w a t e r )
M ales  : Log W = - 6 . 5 7 7 3  + 3 .6 6 6 6  Log L ( r  = 1 .0 0 0 0 )
F e m a l e s  ; Log W = - 5 . 9 4 7 2  + 3 .3 8 5 3  Log L ( r  = 0 .9 7 3 7 )
M ales  : W = 0 ,00000026  L
_  . 3 . 3 8 5 3  
F e m a l e s  '  W -  0 .0000011  L
P .  i n d ic u s  ( b r a c k i s h w a t e r )
M a le s  : Log W -  - 4 . 8 1 0 2  + 2 .8 2 9 1  Log L ( r  = 0 .8 1 7 9 )
Log W -  - 5 . 7 4 9 8  + 3 .2 7 6 9  Log L ( r  = 0 .9 9 7 2 )
_  , 2 . 8 2 9 1  
W = 0 .000015  L
, 3 . 2 7 6 9  
W = 0 .0000017  L
F e m a l e s  
M ales  
F e m a l e s
A n a l y s i s  o f  c o v a r i a n c e  ( F )  w a s  e m p l o y e d  to t e s t  w h e t h e r  o r  
n o t  t h e  r e g r e s s i o n  o f  t o t a l  l e n g t h - w e i g h t  in t h e  c a s e  o f  P .  i n d i c u s  
f ro m  b r a c k i s h w a t e r  p o n d s  a n d  m a r i n e  e n v i r o n m e n t  w a s  s i g n i f i c a n t l y  
d i f f e r e n t  b e t w e e n  t h e  two s e x e s .  No s i g n i f i c a n t  d i f f e r e n c e  was
f o u n d  ( T a b l e  4 ) .
C a r a p a c e  l e n g t h - w e i g h t  r e la t io n s h ip
C a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  was  c a l c u l a t e d  f o r  a l l  
t h e  t h r e e  s p e c i e s  s e p a r a t e l y  f o r  t h e  two s e x e s  a s  in  t h e  c a s e  of  
t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p .
A n a l y s i s  o f  c o v a r i a n c e  s h o w e d  no s i g n i f i c a n t  d i f f e r e n c e  of  
r e g r e s s i o n  c o e f f i c i e n t s  b e t w e e n  t h e  s e x e s  f o r  a l l  t h e  t h r e e  s p e c i e s  
( T a b l e  2 ) .  H e n c e ,  a common e q u a t i o n  f o r  t h e  two s e x e s  w a s  
d e r i v e d  f o r  e a c h  s p e c i e s .  S c a t t e r g r a m s  of  c a r a p a c e  l e n g t h - w e i g h t  
r e l a t i o n  a n d  t h e  s t r a i g h t  l i n e  r e l a t i o n s h i p  of  l o g a r i t h m i c a l l y  
t r a n s f o r m e d  d a t a  o f  a l l  t h e  t h r e e  s p e c i e s  a r e  g iv e n  in  f i g u r e s  4 ,  7 
a n d  8 .  T h e  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p s  o f  a l l  t h e  t h r e e  
s p e c i e s  w i t h  l o g a r i t h m i c  a n d  e x p o n e n t i a l  f o r m s  a r e  a s  f o l l o w s :
M. m onoceros
Log W = -2 .4 4 8 1  + 2 .4 4 3 8  Log CL ( r  = 0 .9647 )
2 4438
W = 0 .003563  
P .  monodoQ
Log W = - 2 .7 4 9 3  + 2 .6 5 7 1  Log CL ( r  = 0 .9372 )
W = 0 .001781  CL^*^^^^
P .  in d ic u s  ( m a r i n e  w a t e r )
Log W = - 2 .0 3 5 3  + 2 .2 6 6 0  Log CL ( r  = 0 .9595)
W = 0 .00921  CL^*^^^^
P .  in d ic u s  ( b r a c k i s h w a t e r )
Log W = - 2 .5 1 2 6  + 2 .5 3 6 3  Log CL ( r  = 0 .9778)
W = 0.003071 CL^’ ^^^^
A c o m p a r a t i v e  s t u d y  o f  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  
o f  P .  in d ic u s  f rom  b r a c k i s h w a t e r  a n d  f ro m  m a r i n e  e n v i r o n m e n t s  
s h o w e d  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  two s t o c k s  ( T a b l e  4 ) .
I t  may  be  s e e n  t h a t  f o r  a  g i v e n  c a r a p a c e  l e n g t h ,  w e i g h t  i s  
m o r e  f o r  P . in d ic u s  i n  m a r i n e  e n v i r o n m e n t  th a n  in  b r a c k i s h w a t e r .  
S i m i l a r l y ,  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  c u r v e s  s h o w  t h a t  f o r  
a g i v e n  c a r a p a c e  l e n g t h ,  w e i g h t  i s  m o r e  f o r  P .  monodon t h a n  f o r  P .  
in d ic u s  a n d  M. m o n o c er o s .
C arap ace  l e n g t h - t o t a l  l e n g t h  r e la t io n s h ip
S c a t t e r g r a m s  o f  c a r a p a c e  l e n g t h - t o t a l  l e n g t h  r e l a t i o n s h i p  in 
a l l  t h e  t h r e e  s p e c i e s  a n d  o f  t h e  two s e x e s  s h o w e d  l i n e a r
r e l a t i o n .  R eg res s ion  c o e f f i c i e n t s  w e re  c a l c u la t e d  b y  fo l low ing  
l e a s t  s q u a r e  method  f o r  th e  two s e x e s  s e p a r a t e l y .
A n a ly s i s  of c o v a r i a n c e  (F)  w as  e m p lo y e d  to know w h e t h e r  o r  
n o t  th e  d i f f e r e n c e  of  r e g r e s s i o n  c o e f f i c i e n t s  be tw een  th e  two s e x e s  
i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  A n a ly s i s  of  c o v a r i a n c e  (T a b le  3) 
sh o w e d  t h a t  t h e r e  w as  no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  th e  s e x e s  
in P .  m onodon, P .  i n d i c u s  (m a r in e )  an d  P-  i n d i c u s  ( b r a c k i s h w a t e r ) , 
The  d a t a  of the two s e x e s  a r e  p o o l e d  to o b ta in  a common eq u a t io n  
f o r  e a c h  s p e c i e s .
In th e  case  of  M. m o n o c e r o s ,  a n a l y s i s  of c o v a r i a n c e  (T a b le  
3) sh o w e d  s i g i n i f i c a n t  d i f f e r e n c e  b e tw e e n  th e  s e x e s  an d  hen ce  the  
d a t a  of  th e  two s e x e s  a r e  t r e a t e d  s e p a r a t e l y .  T he  r e g r e s s i o n  
l i n e s  fo r  o b s e r v e d  v a lu e s  of  c a r a p a c e  l e n g t h - t o t a l  l e n g th  of a l l  
th e  t h r e e  s p e c i e s  ( F i g s ,  9 and  10) s h o w e d  t h a t  c a r a p a c e  l e n g th  of 
P .  m onodon and M. m o n o c e ro s  a r e  hav in g  a lm o s t  same to t a l  l e n g th s  
b u t  P .  i n d i c u s  i s  h a v in g  more t o t a l  l e n g th  than  t h a t  of  th e  o t h e r  
two s o e c i e s  fo r  t h e  same c a r a p a c e  l e n g th .  T h i s  m ig h t  be  
a t t r i b u t e d  to the r e l a t i v e l y  l a r g e r  r o s t r u m  in  P .  i n d i c u s .
The  e q u a t io n s  d e r i v e d  f o r  c a r a p a c e  l e n g t h - t o t a l  l e n g th  
r e l a t i o n s h i p  of th e  d i f f e r e n t  s p e c i e s  a r e  as  fo l low s :
M. m o n o c e ro s
Males ; TL = 23,4344 + 3 .398  CL 
F em a les  : TL = 44,6835 + 2 .69  CL
P .  m onodon
TL = 10.7251 + 3.8243 CL 
P .  i n d i c u s  (m a r in e  w a te r )  
TL = 50.3698 + 2.9980 CL 
P .  i n d i c u s  ( b r a c k i s h w a t e r )  
TL = 29.6425 + 3.4902 CL
A n a ly s is  of  c o v a r i a n c e  of  th e  r e l a t i o n s h i p  be tw ee n  c a r a p a c e  
l e n g t h - t o t a l  len g th  of P .  i n d i c u s  (m a r in e )  and t h a t  of  P .  i n d i c u s  
( b r a c k i s h w a t e r )  was  found to b e  s i g n i f i c a n t  (T a b le  4 ) .
DISCUSSION
S e v e ra l  a u t h o r s  f rom  In d ia  as  w e l l  as  o u t s i d e  In d ia  s tu d i e d  
m o rp h o m e t r i c  r e l a t i o n s h i p s  of p e n a e i d  p r a w n s .  Rao (1967) d e r i v e d  
s e p a r a t e  eq u a t io n s  of t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  f o r  P . i n d i c u s  
an d  P .  m onodon , S u d h a k a r a  Rao (1988) d e a l t  w i th  t o t a l  l e n g th -  
w e ig h t  r e l a t i o n  fo r  th e  two s e x e s  s e p a r a t e l y  in M, m o n o c e r o s .  In 
t h e  p r e s e n t  s tu d y  a l so  i t  i a  found n e c e s s a r y  to s e p a r a t e  th e  two 
s e x e s  in  th e  c a se  of P .  i n d i c u s  f rom  m arine  a s  w e l l  a s  from 
b r a c k i s h  w a te r  p o n d .  T he  r e l a t i o n s h i p  o b s e r v e d  in t h e  c a se  of 
M. m o n o c e ro s  in th e  p r e s e n t  s t u d y  i s  in agreennent w i t h  th o s e  of 
t h e  a b o v e  a u t h o r s .  H ow eve r ,  R a j y a l a k s h m i  (1961) com bined  the 
two s e x e s  in th e  c a se  of  M e ta p e n a e u s  b r e v i c o m i s  b u t  s e p a r a t e d  the 
'O '  y e a r  group and a d u l t s ;  George (1959) s t u d i e d  by  com bin ing  two 
s e x e s  o f  M. m o n o c e ro s  j u v e n i l e s .
Combining th e  two s e x e s  r e g a r d i n g  to t a l  l e n g t h - w e i g h t  
r e l a t i o n s h i p  in th e  c a s e  of  P .  m onodon  i s  no t  in  a g re e m e n t  w i th  
t h e  o b s e r v a t i o n  of Rao (1967) who t r e a t e d  the  d a t a  s e p a r a t e l y  fo r  
t h e  two s e x e s  in t h e  c a s e  of  P -  m onodon f rom  C h i l k a  l a k e .  
S e v e r a l  a u t h o r s  (G eorge ,  1959; R a j y a l a k s h m i ,  1961; S u b ra h m a n y a m , 
1963a) combined  th e  two s e x e s  of  o t h e r  p e n a e id  p r a w n s .
From the  a n a l y s i s  of  d a t a  on to t a l  l e n g t h - w e i g h t  r e l a t i o n  
t h r e e  fa c t s  emerge o u t .  F i r s t l y ,  fo r  a g iven  t o t a l  l e n g th ,  
P .  m onodon i s  h a v in g  more  w e i g h t  than  th e  o t h e r  two s p e c i e s
( P .  i n d i c u s  and M. m o n o c e r o s ) . S e c o n d ly ,  f e m a le s  o f  P .  i n d i c u s  
(m a r in e )  and  M. m o n o c e ro s  a r e  h e a v i e r  than  m a les  a f t e r  th e  o n s e t  
of m a tu ra t io n .  T h i r d l y ,  male  of  P .  i n d i c u s  ( b r a c k i s h w a t e r ) i s  
h e a v i e r  than fem ale  up to 130 mm t o t a l  l e n g th .  S im i l a r  r e s u l t s  
w e re  r e p o r t e d  b y  Penn and  Hall  (1974) who c o n c lu d e d  t h a t  f o r  a 
g iven  c a r a p a c e  l e n g t h ,  P e n a e u s  e s c u l e n t u s  i s  h e a v i e r  than  P e n a e u s  
l a t i s u l c a t u s  from S h a r k  b a y ,  W estern  A u s t r a l i a .  S u d h a k a r a  Rao 
(1988) a lso  r e p o r t e d  t h a t  m a les  of  M. m o n o c e ro s  a r e  h e a v i e r  than 
f e m a le s  b e fo re  p u b e r t y  and  f e m a le s  e x c e e d  m ales  w i t h  th e  o n s e t  of 
m a tu r a t i o n .  H ow ever ,  Penn and  Hall  (1974) r e p o r t e d  t h a t  m a les  of 
P ,  l a t i s u l c a t u s  a n d  P .  e s c u l e n t u s  a r e  h e a v i e r  t h a n  fe m a le s  ( n o t  
r e l a t e d  to m a t u r i t y ) .
T h e  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  of  t h e  two s e x e s  was 
com bined  by  Hall  (1962) in  t h e  c a s e  of  24 s p e c i e s  of  p e n a e i d  
p r a w n s  from S in g ap o re  w a t e r s .  S e v e r a l  o t h e r  w o r k e r s  a l so  
fo l lo w e d  th e  same m e th o d .  Such s t u d i e s  w ere  m ade  b y  F a rm e r  
( 1986) on P e n a e u s  s e m i s u l c a t u s ,  M e ta p e n a e u s  a f f i n i s  an d  
P a r a p e n a e o p s i s  s t y l i f e r a  f rom  Kuwai t  and  B a h ra in  w a t e r s ;  Thomas 
( 1975) on P .  s e m i s u l c a t u s  from Mandapam reg io n ;  Rao (1967) on 
P .  m onodon from C h i l k a  l a k e ;  and  Subram an ian  (1987) on P -  
i n d i c u s  from b r a c k i s h w a t e r  a s  w e l l  as  f rom  m a r in e  w a t e r .  In th e  
p r e s e n t  s tu d y  a l so  t h e  d a t a  of  t h e  two s e x e s  of a l l  t h e  t h r e e  
s p e c i e s  was com bined  r e g a r d i n g  c a r a p a c e  length - w e i g h t  r e l a t i o n s h i p  
as  was done by e a r l i e r  w o r k e r s ,  e x c e p t i n g  Rao (1967) who t r e a t e d
t h e  two s e x e s  s e p a r a t e l y  in t h e  c a s e  of P .  i n d i c u s  from C h i lk a  
l a k e .
T he  c a l c u l a t e d  r e g r e s s i o n  c o e f f i c i e n t  v a lu e  f o r  c a r a p a c e  
l e n g t h - w e i g h t  r e l a t i o n  o f  P .  monodon (2 .6571)  was c o m p a r a b le  w i th  
t h e  v a lu e s  of  2 .640 an d  2 .4842 g iven  by  Hall  (1962) and  Rao 
( 1967) r e s p e c t i v e l y .  R eg a rd in g  P -  i n d i c u s  from b r a c k i s h w a t e r , th e  
c a l c u l a t e d  r e g r e s s i o n  c o e f f i c i e n t  v a l u e  2.5363 was  c o m p a r a b le  w i th  
t h e  v a l u e s ,  2 .8174 a n d  2.9222 g iv e n  b y  su b ram an ian  (1987) and
H all  ( 1962) r e s p e c t i v e l y .
T he  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  d i f f e r e d  s i g n i f i c a n t l y  
b e tw e e n  th e  two s e x e s  in t h e  c a s e  of  P .  i n d i c u s  and  M. 
m o noceros .  H o w ev e r ,  t h e  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p
s h o w e d  no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  the  two s e x e s .  S im i la r  
t r e n d  was a l so  o b s e r v e d  b y  Rao ( 1967) in  P .  monodon.
From th e  p r e s e n t  s tu d y  of  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n  
two f a c t s  em erge  o u t .  F i r s U y ,  f o r  a  g iven  c a r a p a c e  l e n g t h ,  P .  
monodon i s  h a v in g  m ore  w e ig h t  c o m p a re d  to th e  o t h e r  two s p e c i e s  
and  s e c o n d ly  fo r  a  g iv e n  c a r a p a c e  l e n g t h ,  sp e c im en s  of  P .  i n d i c u s  
from m ar ine  w a t e r  a r e  h e a v i e r  than  th e  sp e c im e n s  from 
b r a c k i s h w a t e r  due to o n s e t  of  m a t u r i t y .
The  p r e s e n t  s t u d y  o f  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  and  
c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  a g r e e s  w i th  th e  s t a t e m e n t  "The 
r e l a t i o n s h i p  be tw ee n  w e i g h t  and  l e n g th  i s  a f f e c te d  b y  a l l o m e t r i c
g r o w th ,  and so w e ig h t  i s  r a r e l y  p r o p o r t i o n a l  to t h e  cube  of  the 
l e n g th  a s  i t  would  b e  i f  g ro w th  w as  i s o m e t r i c ” g iv e n  by  H ar tno l l  
(1982) fo r  c r u s t a c e a n s .
S u d h a k a ra  Rao ( 1988) s t u d i e d  t o t a l  le n g th  an d  c a r a p a c e  leng th  
r e l a t i o n  of  M. m o n o c e ro s  b y  t r e a t i n g  s e x e s  s e p a r a t e l y .  Penn and 
Hall  (1974) d e r i v e d  e q u a t io n s  of  c a r a p a c e  l e n g t h - t o t a l  l e n g th  fo r  
two s e x e s  s e p a r a t e l y  of  th e  W es te rn  A u s t r a l i a n  p r a w n s ,  P- 
l a t i s u l c a t u s  and  P .  e s c u l e n t u s .  R am am urthy  and M a n ic k a ra ja  (1978) 
s t u d i e d  th e  c a r a p a c e  l e n g t h - t o t a l  l e n g th  r e l a t i o n s h i p  of  M e ta p e n a e u s  
d o b s o n i .  M. a f f i n i s  an d  P .  s t y l i f e r a  by  d e r i v i n g  eq u a t io n s  
s e p a r a t e l y  fo r  th e  two s e x e s .  S ukum aran  and Rajan (1981) d e r i v e d  
s e p a r a t e  e q u a t io n s  fo r  s e x e s  of P a r a p e n a e o p s i s  h a r d w i c k i i  f o r  to ta l  
le n g th  and c a r a p a c e  l e n g t h .  S i m i l a r l y ,  in t h e  p r e s e n t  s tu d y  
s e x w i s e  t r e a tm e n t  of  c a r a p a c e  l e n g t h - t o t a l  le n g th  r e l a t i o n s h i p  of  M. 
m o n o c e ro s  i s  in a g re e m e n t  w i t h  t h e  o b s e r v a t i o n  of t h e  a b o v e  s a id
a u t h o r s .
The  p r e s e n t  s t u d y  o f  g iv in g  a com bined  eq u a t io n  f o r  b o t h  the  
s e x e s  of P .  m onodon  and  P .  i n d i c u s  from m a r in e  a s  w e l l  as 
b r a c k i s h w a t e r  i s  in  a g re e m e n t  w i t h  e a r l i e r  s t u d i e s  m ade  b y  F a rm e r  
(1986) on P .  s e m i s u l c a t u s ,  M. a f f i n i s  an d  P .  s t y l i f e r a  f rom  Kuwait 
and  B a h ra in  w a t e r s ;  T h o m as  (1975) on P .  s e m i s u l c a t u s  f rom Indian 
w a t e r s ;  Rao (1967) on P .  i n d i c u s  and  P .  m onodon from C h i l k a  lake ;  
and  Subramanian  (1987 )  on P .  i n d i c u s  from e s t u a r i n e  and  m ar ine
w a t e r s .
In th e  p r e s e n t  c a r a p a c e  l e n g t h - t o t a l  le n g th  r e l a t i o n s h i p  s t u d y ,  
i t  h a s  been found t h a t  f o r  a g iv e n  c a r a p a c e  l e n g t h ,  P .  m onodon 
and  M- m o n o ce ro s  a r e  h a v in g  a l m o s t  same to t a l  l e n g th  b u t  
P .  i n d i c u s  i s  h a v in g  more  to t a l  l e n g th  than  o t h e r  two s p e c i e s  and 
t h i s  i s  a t t r i b u t e d  to th e  l e n g th y  r o s t r u m .
T a b l e  1. C o m p a r iso n  o f  t h e  r e g r e s s i o n  l i n e s  o f  t o t a l  l e n g t h - w e i g h t
r e l a t i o n s h i p o f  M . m o n o c e r o s ,  P,.m onodon an d P . i n d i c u s
2 2
d.f. X y ^ Deviation from regressions
n-1 d.f. S.S. M.S.
M. monoceros
Within males 52 0.0823 0.2733 0.9269 3.3207 51 0.0193 0.0003
Within females 52 0.1522 0,5511 1.9633 3.5208 61 0.0321 0.0005
112 0.0514 0.0004
Pooled (within) common 114 0.2345 0.8244 2.8902 3.5155 113 0.0080 0.00007
1 -0,0434 -0.0434
Slope between 1 0.1280 0.3889 1.1822
Total 115 0.3625 1.3060 4.7031 114 0.0021
Adjusted means 1 0.0059 0.0059
Comparison of slopes : F = 0.0434/0.0004 = 108.5 (d.f. = 1, 112) significant
Comparison of elevation : F - 0.0059/0.00007 = 84.28 (d.f. = 1, 113) significant
P. indicus (marine water)
Within males 21 0.0123 0.0451 0.1461 3.6666 20 0.1653 0.0082
Within females 24 0.0423 0.1432 0.5113 3.3853 23 0.0265 0.0011
43 0.1918 0.0044
Pooled (within) common 45 0.0546 0.1883 0,6574 3.4487 44 0.008 0.0001
1 -0.1838 -0.1838
Slope between 1 0.0060 0.0243 0.0982
Total 46 0.0606 0.2126 0.7556 45 0.0097
1 0.0017 0.0017
Adjusted means
Comparison of slopes : F =: 0.1838/0 .0044 = 41.7727 (d.f. = 1, 43) significant
Comparison of elevation : F = 0.0017/0.0001 = 17,0 (d.f. = 1, 4 4;1 significant
T able  1 (contd.
d.f.
n-1
2
X
2
y b Devi ati 
d.f.
on from regressions 
S.S. M.S.
P.  monodon
Within males 22 0.0805 0.2525 0.9757 3.1366 21 0.1836 0.0087
Within females 12 0.0685 0.1884 0.5315 2.7463 11 0.0140 0.0012
32 0.1976 0.0061
Pooled (within) common 34 0.1491 0.4409 1.5072 2.9570 33 0.2034 0.0061
1 0.0058 0.0058
Slope between 1 0.0096 0.0385 0.1542
Total 35 0.1587 0.4794 1.6614 34 0.2132
Adjusted means 1 0.0098 0.0098
Comparison of slopes : F = 0.0058/0 .0061 - 0.9508 (d..f. = 1, 32) not significant
Comparison of elevation : F - 0.0098/0 .0061 = 1.6065 (d.,f.~1, 33) not significant
P.  i n d i c u s  (brackishwate r)
Within males 15 0.0199 0.0563 0.2381 2.8291 14 0.0788 0.0056
Within females 27 0.1029 0.3372 1.1110 3.2769 26 0.0060 0.0002
40 0.0848 0.0021
Pooled (within) common 42 0.1228 0.3969 1 .3491 3.2320 41 0.0662 0.0016
1 -0.0186 -0.0186
Slope between T 0.0000 0.0033 0.0001
Total 43 0.1228 0.3936 1.3492 42 0.0876
Adjusted means 1 0.0214 0.0214
Comparison of slopes ; F - 0.0186/0,.0021 = 8.8571 (d. f. = 1, 40) significant
Comparison of elevation : F = 0.0214/0..0016 = 13.3750 (d .f. = 1, 41) significant
T a b l e  2 .  C o m p a r iso n  o f  t h e  r e g r e s s i o n  l i n e s  o f  c a r a p a c e  l e n g t h - w e i g h t  
r e l a t i o n s h i p  o f  M .m o n o c e r o s ,  P .m o n o d o n  a n d  P . i n d i c u s
d.f.
n-1
^ Deviation from regressions 
d.f. S.S. M.S.
M.monoceros
Within males 52 0.1166 0.3053 0.9269 2.6192 51 0.1275 0.0025
Within females 62 0.3171 0.7496 1.9630 2.3659 61 0.1910 0.0031
112 0.3185 0.0056
Pooled (within) common 114 0.4337 1.0549 2.8899 2.4323 113 0.3240 0.0028
1 0.0055 0.0055
Slope between 1 0.2954 0.7269 1.7889
Total 115 0.7291 1.7818 4.6788 114 0.3243
Adjusted means 1 0.0003 0.0003
Comparison of slopes : F = 0.0055/0. 0056 - 0. 9821 (d.f. - 1, 112) not significant
Comparison of elevation : F -^ 0.0003/0 .0028 - 0 .1071 (d.f. = 1, 113 ) not significant
P. i n d i c u s  {marine water')
Within males 21 0.0223 0.0565 0.1582 2.5336 20 0.0150 0.0007
Within females 24 0.0845 0.2016 0.5285 2.3857 23 0.0475 0.0020
43 0.0625 0.0014
Pooled (within) common 45 0.1068 0.2581 0.6867 2.4166 44 0.0629 0.0014
1 0.0004 0,0004
Slope between 1 0.0233 0.0528 0.1203
Total 46 0.1301 0.3109 0.8070 45 0.0640
Adjusted means 1 0.0011 0.0011
Comparison of slopes : F = 0.0004/0. 0014 = 0. 2857 (d.f. = 1, 43) not significant
Comparison of elevation : F =: 0.0011/0 .0014 = 0 .7857 (d.f. - 1, 44) not significant
Table  2 { contd.
d.f. 2 2 Deviation from regressions
n-1
X y b
d.f. S.S. M.S.
P.monodon
Within males 22 0.1019 0.2513 0.8056 2.4661 21 0.1858 0.00884
Within females 12 0.0635 0.1669 0.5190 2.6283 11
32
0.0803
0.2661
0.0073
0.0083
Pooled (within) common 34 0.1554 0.4182 1.3246 2.5284 33
1
0.2672
0.0011
0.00809
0.0011
Slope between 1 0.014 0.0537 0.2065
Total 35 0.1794 0.4719 1.5311 34 0.2897
Adjusted means 1 0.0225 0.0225
Comparison of slopes : F = 0.0011/0.13083 = 0. 1323 (d.f. = 1, 32) not significant
Comparison of elevation : F =: 0.0225/0.00809 - 2.7812 (d.f . = 1, 33 ) not significant
P . i n d i c u s  (brackishwater /
Within males 15 0.0425 0.0982 0.2534 2.3105 14 0,0365
0.0026
Within females 27 0.1613 0.4196 1.1112 2.6013 26
40
0.0196
0.0561
0.0007
0.0014
Pooled (within) common 42 0.2038 0.5178 1.3746 2,5407 41
1
0.0590
0.0029
0.0014
0.0029
Slope between 1 0.0009 0.0014 0.0025
Total 43 0.2047 0.5192 1.3771 42
0.0602
Adjusted means 1 0.0012 0,0012
Comparison of slopes : F = 0.0029/0.0014 = 2.,0714 (d.f. = 1, 40) not significant
Comparison of elevation : F =^ 0.0012/0.0014 ^ 0.8571 (d.f. - 1, 41]1 not significant
T a b l e  3 . Comparison  of  th e  r e g r e s s i o n  l i n e s  of  c a r a p a c e   ^l e n g t h  t o t a l  l e n g th  
r e l a t i o n s h i p  o f  M .m o n o c e r o s ,  P .m o n o d o n  and P . i n d i c u s
d.f. 2 2 Deviation from reqressions
n-1
X xy y b
d.f. S.S. M.S.
M.monoceros
Within males 52 569.8 1936.3 7204.7 3,398 51 624.7 12.2
Within females 62 2547.7 6854.3 20730.4 2.690 61
112
2289,6
2914.3
37.6
26.02
Pooled (within) common 114 3117.5 8790.6 27935.1 2.8197 113
1
3147.7
233.4
27.85
233.4
Slope between 1 1965.2 5247.2 14010.7
Total 115 5082.7 14037.8 41945.8 114 3175.1
Adjusted means 1 27.4 27.4
Comparison of slopes : F = 233.4/26.02 - 8.9 (d.f. - 1. 112) significant
Comparison of elevation: F = 27.4/27.85 = 0,98 (d.f. = 1, 113) not significant
P.indicus (marine water;1
Within males 21 83.8 293.2 1699.0 3.4988 20 673.1
33.65
Within females 24 522.0 1660.4 5455.0 3.1808 23
43
173.52
846.62
7.54
19.68
Pooled (within) common 45 605.8 1953.6 7154.0 44
1
853.97
7,35
19.40
7.35
Slope between 1 177.1 393.6 874.4
Total 46 782.9 2347.2 8028.4
45 991.29
Adjusted means 1 137.32 137.32
Comparison of slopes : F = 7.35/19.68 = 0.3734 (d.f. = 1, 43) not significant 
Comparison of elevation: F = 137.32/19.40 = 7.0783 (d.f. = 1, 44) significant
Table 3 (contd .
d.f.
n-1
2
X
2
y b
Deviation from regressions 
d.f. S.S. M.S.
P.monodon
Within males 22 503.47 1794.52 7925.47 3.5643 21 1529.25 72.821
Within females 12 319.23 1330.76 6233.23 4.1686 n 685.74 62.34
32 2214.99 69.21
Pooled (within) common 34 822.7 3125.28 14158.7 3.7988 33 2286.35 69.28
1 71.36 71,36
Slope between 1 71.3 293.72 1210.05
Total 35 894.0 3419.0 15368.75 34 2293.17
Adjusted means 1 6.82 6.82
Comparison of slopes : F - 71.36/69. 21 - 1.0310 (d.f. = 1, 32) not significant
Comparison of elevation: F = 6.82/69.28 = 0.0976 (d.f. = 1, 33) not significant
P . i n d i c u s  (brackishwater )
Within males 15 152.0 451.5 1561.44 2,9703 14 220.30 15.736
Within females 27 554.11 2019.75 7701.25 3.6450 26 339.19 13.045
40 559.49 13.987
Pooled (within) common 42 706.11 2471.25 9262.59 3.4998 41 613.78 14,970
1 54.29 54.29
Slope between 1 1,04 -3.07 8.94
Total 43 707.15 2468.18 9271.63 42 656.89
Adjusted means 1 43.11 43.11
Comparison of slopes : F = 54.29/13. 987 = 3.8814 (d.f. - 1, 40) not significant
Comparison of elevation: F = 43.11/U. 97 = 2.8797 (d.f, :^ 1, 41) not significant
T a b l e  4 .  Comparison of  t h e  r e g r e s s i o n  l i n e s  of  m o r p h o m e t r i c  r e l a t i o n s h i p s  
be tween  P . i n d i c u s  (m a r in e  w a t e r )  an d  P . i n d i c u s  ( b r a c k i s h w a t e r )
d.f.
n-1
2 2 
X xy y b
Deviation from regressions 
d.f. S.S. M.S.
Carapace length-total length relationship
Marine water 46 782.9 2347.2 8028.4 2.9980 45 991.29 22.028
Brackishwater 43 707.15 2468.18 9271.63 3.4902 42 656.89 15.640
87 1648.18 18.944
Pooled (within) common 89 1490.05 4815.38 17300.03 3.2316 88 1738.21 19.752
1 90.03 90.03
Slope between 1 1713.55 5576.03 25237.64
Total 90 3203,60 11391.41 42537.67 89 2031.91
Adjusted means 1 293.7 293.7
Comparison of silopes : F = 90.03/18.9445 = 4.7523 (d.f. = 1, 87) significant
Comparison of ellevation: F = 293.7/19.752 = 14.8693 (d.f. - 1, 88) significant
Carapace length-weight relationship
Marine water 46 0.1301 0.3109 0.8070 2.3897 45 0.0640 0.0014
Brackishwater 43 0.2047 0.5192 1.3771 2.5363 42 0.0602 0.0014
87 0.1242 0.0014
Pooled (within) common 89 0.3348 0.8301 2.1841 2.4793 88 0.1259 0.0014
1 0.0017 0.0017
Slope between 1 0.3395 1.021 3.0708
Total 90 0.6743 1.8511 5.2549 89 0.1732
Adjusted means 1 0.0473 0.0473
Comparison of slopes : F = 0.0017/0.0014 = 1. 2142 (d.f. = 1, 87) not significant
Comparison of elevation: c = 0.0473/0. 0014 = 33 .7857 (d.f. = 1, 88) significant
Table 4 fcontd,
d.f.
n-1
xy
Deviation from regressions 
d.f. S.S. M.S.
Total length-welght relationship (malei
Marine water 21 0.0123 0.0451 0.1461 3.6666 20 -0.0192 -0.0009
Bracklshwater 15 0.0199 0.0563 0.2381 2.8291 14
34
0.0788
0.0596
0.0056
0.0017
Pooled {within) common 36 0.0322 0.1014 0.3842 3.1490 35
1
0,0648
0.0052
0.0018
0.0052
Slope between 1 0.0792 0.2796 0.9818
Total 37 0.1114 0.3810 1.3660 36 0.0629
Adjusted means 1 0.0019 0.0019
Comparison of slopes : F = 0. 0052/0. 0017 = 3. 0588 (d.f.  ^ 1, 34) not significant
Comparison of elevation : F = 0. 0019/0. 0018 - 1. 0555 (d.f. - 1, 35) not significant
Total length*weight relationship (female)
Marine water 24 0.0423 0.1432 0.5113 3.3853 23 0.0265 0.0011
Bracklshwater 27 0.1029 0.3372 1.1110 3.2769 26
49
0.0060
0.0325
0.00023
0.0006
Pooled (within) common 51 0.1452 0.4804 1.6223 3.3085 50
1
0.0328
0.0003
0.0006
0.0003
Slope between 1 0.1737 0,6325 2.3027
Total 52 0.3189 1.1129 3.9250 51
0.0411
Adjusted means 1 0.0008 0.0008
Comparison of slopes : F = 0..0003/0..0006 = 0..5 (d.f. = 1, 49) not significant
Comparison of elevation : F = 0,.0008/0.,0006 - 1..3333 (d.f. = 1, 50) not significant
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CHAPTER 3
BIOCHEMICAL COMPOSITION OF HAEMOLYMPH IN RELATION TO 
SEX, SIZ E , WEIGHT AND CONDITION FACTOR
INTRODUCTION
In p r a w n s  h a e m o ly m p h  i s  a  medium of  t r a n s p o r t  fo r  
c a r r y i n g  th e  d i f f e r e n t  m e t a b o l i t e s  p r o d u c e d  b y  th e  s y n t h e s i s  o rgans  
to th e  a c t i v e  s i t e s  of  t h e  d i f f e r e n t  o rgan  s y s t e m s .  I t  i s  a s to r a g e  
d e p o t  f o r  d i f f e r e n t  o rg a n ic  and  in o rg a n ic  c o n s t i t u e n t s  and as  an 
ox y g en  c a r r i e r  p l a y s  an im p o r t a n t  r o l e  in  th e  r e s p i r a t o r y  a c t i v i t y  
and  c o n se q u e n t ly  p r a w n  p h y s i o l o g y .  Haemolymph co m p o s i t io n  i s  
a f f e c t e d  b y  a b i o t i c  f a c t o r s  l i k e  s a l i n i t y ,  t e m p e r a t u r e  an d  d i s s o l v e d  
oxy g en  a s  w ell  as  b i o t i c  f a c t o r s  su c h  as  ty p e  o f  fo o d  t h a t  th e  
p r a w n  f e e d s  on, m ou l t  c y c l e ,  m a tu ra t io n  p r o c e s s ,  s e x ,  s i z e ,  w e ig h t  
and  co n d i t io n  f a c t o r .  I t  i s  a w e l l  known f a c t  t h a t  h aem olym ph  
c o m p o s i t io n  i s  d e t e r m i n e d  p r i m a r i l y  b y  m ou l t  c y c l e  a n d  m a tu ra t io n  
p r o c e s s .  I n te n s iv e  s t u d y  on t h e s e  a s p e c t s  of th e  d i f f e r e n t  p e n a e i d  
p r a w n s  was made in  t h e  d i f f e r e n t  r e g i o n s .  Since t h e  in fo rm at ion  
on v a r i a t i o n  in h a e m o ly m p h  co m p o s i t io n  in  r e l a t i o n  to s e x ,  s i z e ,  
w e ig h t  and  cond i t ion  f a c t o r  of  p e n a e i d  p r a w n s  o f  I n d i a  i s  s c a n t y ,  
t h e  p r e s e n t  s tu d y  i s  an a t t e m p t  to e l u c i d a t e  how f a r  t h e s e  f a c t o r s  
a f f e c t  th e  h aem olym ph  co m p o s i t io n ,
P a n i k k a r  and  V isw ana than  ( 1948) s t u d i e d  t h e  a c t i v e  
r e g u la t i o n  of  c h l o r i d e  in M e ta p e n a e u s  m o n o c e r o s .  Dali  (1964) ' g av e  
an acc o u n t  of b lo o d  c o n s t i t u e n t s  of  M e ta p e n a e u s  m a s t e r s i i .  
C a r b o h y d r a t e  and ca lc ium  m e ta b o l i sm  of M e ta p e n a e u s  s p . was 
s t u d i e d  b y  Dali  (1965a and  196 5 b ) .  B a la z s  e t  a l .  ( 1 9 7 4 ) ,  made a 
c o m p a r a t i v e  s tu d y  o f  se rum  c o n s t i t u e n t s  of  P e n a e u s  m a r g i n a t u s  a n d
M a c r o b r a c h iu m  r o s e n b e r g i i .  P r e l i m i n a r y  s tu d y  on the
o sm o re g u la t io n  of  P e n a e u s  s t y l i r o s t r i s  was done by  R odr iguez  
(1 9 7 6 ) .  V e d a v y a s a  Rao e t  a l .  (1 9 8 1 ) ,  s t u d i e d  th e  f lu c tu a t io n  of 
c a lc iu m  l e v e l  in h a e m o ly m p h  of  P .  i n d l c u s  from a b r a c k i s h w a t e r  
p o n d .  Ionic  r e g u la t i o n  a g a i n s t  s a l i n i t y  range  was r e p o r t e d  b y  Dali  
and Sm ith  (1981) in  c o m m e r c i a l l y  i m p o r t a n t  p e n a e id  p r a w n s  from 
A u s t r a l i a .  O sm o re g u la to ry  a b i l i t y  in t h e  ju v e n i l e s  in r e l a t i o n  to 
h a b i t a t  p r e f e r e n c e  o f  A u s t r a l i a n  p e n a e i d  p r a w n s  was a l so  s t u d i e d  
b y  Dali  (1981) .  V a r ia t io n  in  b io c h e m ic a l  com pos i t ion  of
h a e m o ly m p h  due  to t o x i c a n t s  was  r e p o r t e d  b y  R ed d y  e t  a l .  (1986 ) ,  
in  M. m o n o c e ro s .  O sm o re g u la to ry  a b i l i t y  in r e l a t i o n  to v a r y i n g  
s a l i n i t i e s  was s t u d i e d  b y  Diwan e t  a l .  (1989a and 1989b) in 
P .  m onodon  and  P .  i n d l c u s .  O sm oreg u la to ry  c a p a c i t y  of
M a c r o b r a c h iu m  p e t e r s i  a t  d i f f e r e n t  s t a g e s  of i t s  l i f e  c y c l e  was 
r e p o r t e d  b y  Read (1 9 8 4 ) .  E f f e c t  o f  s a l i n i t y  on haem o ly m p h  
c o m p o s i t io n  was s t u d i e d  b y  F e r r a r i s  e t  a l .  (1986) ,  in P .  m onodon , 
K u lk a rn i  e t  a l .  (1 9 8 0 ) ,  s t u d i e d  b lo o d  g lucose  l e v e l  in r e l a t i o n  to 
s a l i n i t y  in  P a r a p e n a e o p s l s  h a r d w i c k i i .  Smith  (1982) e x p l a i n e d  th e  
i n c r e a s e  in  g lucose  l e v e l  o f  h a e m o ly m p h  as  due to s t r e s s  in  th e  
p i n k  s h r i m p  P e n a e u s  d u o r a r u m .
I n v e s t i g a t i o n s  on h a e m o ly m p h  com pos i t ion  in  r e l a t i o n  to 
a b i o t i c  and  b io t i c  f a c t o r s  w e r e  c a r r i e d  o u t  in th e  o t h e r  c r u s t a c e a n s
b y  G i l b e r t  ( 1959), S t e w a r t  e t  a l .  (1 9 6 6 ) ,  K err  ( 1969),  B ed fo rd  
(1 9 7 2 ) ,  Lin and Cohen ( 1 9 7 3 ) ,  Lock  Wood and Inman (1973) ,  Dali
(1974a and  1974b) ,  Kannupandi  and  P a u lp a n d ia n  (1975) ,  S p a a rg a rd e n  
( 1975),  Dali  ( 1975),  S e v i l l a  ( 1 9 7 5 ) ,  Raja  e t  a l ,  (1 9 7 6 ) ,  B ed fo rd  
and L e a d e r  ( 1977),  Nammalwar ( 1 9 7 8 ) ,  P equeux  e t  a l .  (1979) ,  
O h id a l i a  e t  a l .  (1981 ) ,  W a l te r s  and  Uglow (1981) ,  F a i r  and  S ick  
(1982) , K o b a y a s h i  (1982) , A degboye  (1983) ,  Hagerman (1983) ,  
Arumugam and R a v in d r a n a th  ( 1983) an d  Digby (1984) .
T a b le  1. Comparison  o f  th e  r e g r e s s i o n  l in e s  of  to t a l  l e n g th ~ w e ig h t  
r e l a t i o n s h i p  o f  M .m o n o c e r o s ,  P .m o n o d o n  and  P . i n d i c u s
d.f.
2
X
2
y b Deviation from regressions
n-1 d.f. S.S. M.S.
M. monoceros
Within males 52 0.0823 0.2733 0.9269 3.3207 51 0.0193 0.0003
Within females 62 0.1522 0.5511 1.9633 3,6208 61
112
0.0321
0.0514
0.0005
0.0004
Pooled (within) common 114 0.2345 0.8244 2.8902 3.5155 113
1
0.0080
-0.0434
0.00007
-0.0434
Slope between 1 0.1280 0.3889 1.1822
Total 115 0.3625 1.3060 4.7031 114 0.0021
Adjusted means 1 0.0059 0.0059
Comparison of slopes : F = 0.0434/0.0004 = 108.5 (d.f. = 1, 112) significant
Comparison of elevation : F = 0.0059/0.00007 = 84.28 (d.f. = 1, 113) si gni f icant
P. indicus (marine water)
Within males 21 0.0123 0.0451 0.1461 3.6666 20 0.1653 0.0082
Within females 24 0.0423 0.1432 0.5113 3,3853 23
43
0.0265
0.1918
0.0011
0.0044
Pooled (within) common 45 0.0546 0.1883 0.6574 3.4487 44
1
0.008
-0.1838
0.0001
-0.1838
Slope between 1 0.0060 0.0243 0.0982
Total 46 0.0606 0.2126 0.7556 45 0.0097
Adjusted means 1 0.0017 0.0017
Comparison of slopes : F = 0.1838/0 .0044 = 41.7727 (d.f. = 1, 43) significant
Comparison of elevation : F = 0.0017/0 .0001 - 17.0 (d.f. = 1, 44 ) sign ificant
Table  1 (contd.)
d.f.
n-1
2
X
2
y b Deviati
d.f.
on from regressions 
S.S. M.S.
P.  tnonodon
Within males 22 0.0805 0.2525 0.9757 3.1366 21 0.1836 0.0087
Within females 12 0.0686 0.1884 0.5315 2.7463 11 0.0140 0.0012
32 0.1976 0.0061
Pooled (within) common 34 0.1491 0.4409 1.5072 2.9570 33 0.2034 0.0061
1 0.0058 0.0058
Slope between 1 0.0096 0.0385 0.1542
Total 35 0.1587 0.4794 1.6614 34 0.2132
Adjusted means 1 0.0098 0.0098
Comparison of slopes : F = 0.0058/0 .0061 = 0.9508 (d,.f. = 1, 32) not significant
Comparison of elevation : F
- 0.0098/0 .0061 = 1 .6065 (d.f.“ l, 33) not significant
P.  i n d i c u s  (brackishwater)
Within males 15 0.0199 0.0563 0.2381 2.8291 14 0.0788 0.0056
Within females 27 0.1029 0.3372 1.1110 3.2769 26 0.0060 0.0002
40 0.0848 0.0021
Pooled (within) common 42 0.1228 0.3969 1.3491 3.2320 41 0.0662 0.0016
1 -0.0186 -0.0186
Slope between 1 0.0000 0.0033 0.0001
Total 43 0.1228 0.3936 1.3492 42 0.0876
Adjusted means 1 0.0214 0.0214
Comparison of slopes : F = 0.0186/0..0021 = 8.8571 (d. f. = 1, 40) significant
Comparison of elevation : F = 0.0214/0.,0016 = 13.3750 (d .f. = 1, 41) significant
T a b l e  2 .  Comparison  o f  th e  r e g r e s s i o n  l i n e s  o f  c a r a p a c e  l e n g t h - w e i g h t  
r e l a t i o n s h i p  o f  M .m o n o c e r o s ,  P .m o n o d o n  an d  P . i n d i c u s
d.f. 2
X XV
2
y b Deviation from regressions
n-1
d.f. S.S. M.S.
M.monoceros
Within males 52 0.1166 0.3053 0.9269 2.6192 51 0.1275 0.0025
Within females 62 0.3171 0,7496 1.9630 2.3659 61
112
0.1910
0.3185
0,0031
0.0056
Pooled (within) common 114 0.4337 1.0549 2.8899 2.4323 113
1
0.3240
0.0055
0.0028
0.0055
Slope between 1 0.2954 0.7269 1.7889
Total 115 0.7291 1.7818 4.6788 114 0.3243
Adjusted means 1 0.0003 0.0003
Comparison of slopes : F = 0.0055/0. 0056 = 0. 9821 (d.f. - 1, 112 ) not sign ificant
Comparison of elevation : F -^ 0,0003/0 .0028 - 0 .1071 (d.f. = 1, 113) not significant
P. indicus (marine water )
Within males 21 0.0223 0.0565 0.1582 2.5336 20 0.0150 0.0007
Within females 24 0.0845 0,2016 0.5285 2.3857 23
43
0.0475
0.0625
0.0020
0.0014
Pooled (within) common 45 0.1068 0.2581 0.6867 2.4166 44
1
0.0629
0.0004
0.0014
0.0004
Slope between 1 0.0233 0.0528 0.1203
Total 46 0.1301 0.3109 0.8070 45 0.0640
Adjusted means 1 0.0011 o.oon
Comparison of slopes : F = 0,0004/0. 0014 = 0. 2857 (d.f. - 1, 43) not significant
Comparison of elevation : F = 0.0011/0 .0014 - 0 .7857 (d.f. = 1, 44 ) not significant
Table 2 (contd.)
d.f. 2 2 Deviation from regressions
n-1
X xy y b
d.f. S.S. M.S.
P.monodon
Within males 22 0.1019 0.2513 0.8056 2.4661 21 0.1858 0.00884
Within females 12 0.0635 0.1669 0,5190 2.6283 11
32
0.0803
0.2661
0.0073
0.0083
Pooled (within) common 34 0.1654 0.4182 1.3246 2.5284 33
1
0.2672
0.0011
0.00809
0.0011
Slope between 1 0.014 0.0537 0.2065
Total 35 0.1794 0.4719 1.5311 34 0.2897
Adjusted means 1 0.0225 0.0225
Comparison of slopes : F - 0.0011/0.'0083 - 0. 1323 (d.f. = 1, 32) not significant
Comparison of elevation : F =: 0.0225/0 .00809 = 2.7812 (d.f . = 1, 33) not significant
P.indicus (brackishwater )
Within males 15 0.0425 0,0982 0.2634 2.3105 14 0.0365 0.0026
Within females 27 0.1613 0.4196 1.1112 2.6013 26
40
0.0196
0.0561
0,0007
0.0014
Pooled (within) common 42 0.2038 0.5178 1.3746 2.5407 41
1
0.0590
0.0029
0.0014
0.0029
Slope between 1 0.0009 0.0014 0.0025
Total 43 0.2047 0.5192 1.3771
42 0.0602
Adjusted means 1 0.0012 0.0012
Comparison of slopes : F - 0.0029/0. 0014 - 2.,0714 (d.f. 3 1, 40) not significant
Comparison of elevation ; F ^- 0.0012/0.0014 = 0.8571 (d.f. = 1, 41 ) not significant
T a b le  3 .  Comparison  of  th e  r e g r e s s i o n  l i n e s  of  c a r a p a c e  l e n g t h - t o t a l  l e n g th  
r e l a t i o n s h i p  o f  M .m c n o c e ro s ,  P .m o n o d o n  and P . i n d i c u s
d.f. 2 2 Deviation from regressions
n-1
X y U
d.f. S.S. M.S.
M.raonoceros
Within males 52 569.3 1936.3 7204.7 3.398 51 624,7 12.2
Within females 62 2547.7 6854.3 20730.4 2,690 61
112
2289.6
2914,3
37.5
26.02
Pooled (within) common 114 3117.5 8790.6 27935.1 2.8197 113
1
3147,7
233.4
27.85
233.4
Slope between 1 1965.2 5247.2 14010.7
Total 115 5082.7 14037.8 41945.8 114 3175.1
Adjusted means 1 27.4 27.4
Comparison of slopes : F = 233.4/26.02 = 8.9 i:d.f. = 1, 112) significant
Comparison of elevation: F = 27.4/27.85 = 0.98 1;d.f. = 1, 113) not significant
P.indicus (marine water)
Within males 21 83.3 293.2 1699.0 3.4988 20 673.1 33.65
Within females 24 522.0 1660.4 5455.0 3.1808 23
43
173.52
846.62
7.54
19.68
Pooled (within) common 45 605.S 1953.6 7154.0 44
1
853.97
7.35
19,40
7.35
Slope between 1 177.1 393.6 874.4
Total 46 782.9 2347,2 8028.4 45
991.29
Adjusted means 1 137.32 137.32
Comparison of slopes . c - 7.35/19.68 = 0.3734 (d.f. = 1, 43) not significant
Comparison of elevabion:: F = 137.32/19.40 = 7.0783 (d.f. = 1, 44) significant
Contd
Tab le  3 ( co n t d .
d.f. 2 2 Deviation from re qressions
n-1
X xy y b
d.f. S.S. M.S.
P.monodon
Within males 22 503.47 1794.52 7925,47 3.5543 21 1529.25 72.821
Within females 12 319.23 1330.76 6233.23 4.1686 11
32
685.74
2214.99
62.34
69.21
Pooled (within) common 34 822.7 3125.28 14158.7 3.7988 33
1
2286.35
71.36
69.28
71.36
Slope between 1 71.3 293.72 1210,05
Total 35 894.0 3419.0 15368.75 34 2293.17
Adjusted means 1 6.82 6.82
Comparison of slopes : F = 71 .36/69.21 - 1,0310 (d.f. = 1, 32) not significant
Comparison of elevation: F - 6..82/69.28 = 0.0976 (d.f. = 1, 33) not significant
P . i n d i c u s  (brackishwater )
Within males 15 152,0 451.5 1561,44 2.9703 14 220.30 15.736
Within females 27 554,11 2019.75 7701.25 3.6450 26
40
339.19
559.49
13.045
13.987
Pooled (within) cornmon 42 706.11 2471.25 9262.69 3.4998 41
1
613.78
54,29
14.970
54.29
Slope between 1 1.04 -3.07 8.94
Total 43 707.15 2468.18 9271.63 42 656.89
Adjusted means 1 43.11 43.11
Comparison of slopes : F = 54 .29/13.987 - 3 . 8 8 U  (d.f. - 1, 40) not significant
Comparison of elevation; F = 43 .11/14.97' = 2.8797 (d.f. = 1, 41) not significant
T a b l e  4 -  C o m p a r iso n  o f  t h e  r e g r e s s i o n  l i n e s  o f  m o r p h o m e t r i c  r e l a t i o n s h i p s  
b e tw e e n  P . i n d i c u s  ( m a r in e  w a t e r )  a n d  P . i n d i c u s  ( b r a c k i s h w a t e r )
d.f.
n-1
xy
Deviation from regressions 
d.f. S.S. M.S.
Carapace length-total length relationship
Marine water 46 782.9 2347.2 8028.4 2.9980 45 991.29 22.028
Brackishwater 43 707,15 2468.18 9271.63 3.4902 42
87
656.89
1648.18
15.640
18.944
Pooled (within) common 89 1490.05 4815.38 17300.03 3.2316 88
1
1738.21
90.03
19,752
90.03
Slope between 1 1713.55 6576.03 25237.64
Total 90 3203.60 11391.411 42537.67 89 2031.91
Adjusted means 1 293.7 293.7
Comparison of slopes : F = 90.03/18. 9445 = 4. 7523 (d.f. = 1, 87) significant
Comparison of elevation : F = 293.7/19. 752 = 14, 8693 (d.f. = 1, 88) significant
Carapace length-weight relationship
Marine water 46 0.1301 0.3109 0.8070 2.3897 45 0.0640 0.0014
Brackishwater 43 0.2047 0.5192 1.3771 2.5353 42
87
0.0602
0.1242
0.0014
0.0014
Pooled (within) common 89 0.3348 0.8301 2,1841 2.4793 88
1
0.1259
0.0017
0,0014
0.0017
Slope between 1 0.3395 1.021 3.0708
Total 90 0.6743 1,8511 5.2549 89 0,1732
Adjusted means 1 0.0473 0.0473
Comparison of slopes : F = 0.0017/0. 0014 = 1. 2142 (d.f. = 1, 87) not significant
Comparison of elevation : F = 0.0473/0.0014 = 33 .7857 (d.f . = 1, 88;) significant
Table 4 (contd,
d . f . 2 2 Deviation from reqressions
n-1
X x y y b
d.f. S.S. M.S.
Total length-weight relationship (male )
Marine water 21 0.0123 0.0451 0.1461 3.6656 20 -0.0192 -0.0009
Brackishwater 15 0.0199 0.0563 0.2381 2.8291 14
34
0.0788
0.0595
0.0056
0.0017
Pooled (within) common 36 0.0322 0.1014 0.3842 3.1490 35
1
0.0648
0.0052
0.0018
0.0052
Slope between 1 0.0792 0.2796 0.9818
Total 37 0.1114 0.3810 1.3660 36 0.0629
Adjusted means 1 0.0019 0.0019
Comparison of slopes : F = 0. 0052/0. 0017 = 3. 0588 (d.f. = 1, 34) not significant
Comparison of elevation : F = 0. 0019/0. 0018 - 1. 0555 (d.f. - 1, 35) not significant
Total length-weight relationship (female)
Marine water ?4 0.0423 0.1432 0.5113 3.3853 23 0.0265 0.0011
Bracki shwater 27 0.1029 0.3372 1.1110 3.2769 26
49
0.0060
0.0325
0.00023
0.0006
Pooled (within) common 51 0.1452 0.4804 1.6223 3.3085 50
1
0.0328
0.0003
0.0006
0.0003
Slope between 1 0.1737 0.6325 2.3027
Total 52 0.3189 1.1129 3.9250 51
0.0411
Adjusted means 1 0.0008 0.0008
Comparison of slopes : F = 0,.0003/0. 0006 = 0. 5 (d.f. = 1, 49) not significant
Comparison of elevation : F = 0,.0008/0. 0006 = 1. 3333 (d.f. = 1, 50) not si gnificant
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p. jndicus
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CHAPTER 3
BIOCHEMICAL COMPOSITION OF HAEMOLYMPH IN RELATION TO 
SEX, SIZE, WEIGHT AND CONDITION FACTOR
INTRODUCTION
In p r a w n s  h a e m o ly m p h  i s  a medium of t r a n s p o r t  fo r  
c a r r y i n g  t h e  d i f f e r e n t  m e t a b o l i t e s  p r o d u c e d  b y  th e  s y n t h e s i s  o rgans  
to th e  a c t i v e  s i t e s  of  th e  d i f f e r e n t  organ  s y s t e m s .  I t  i s  a  s to ra g e  
d e p o t  f o r  d i f f e r e n t  o rg a n ic  and  in o rg a n ic  c o n s t i tu e n t s  and  as  an 
oxygen  c a r r i e r  p l a y s  an i m p o r t a n t  r o l e  in  th e  r e s p i r a t o r y  a c t i v i t y  
and c o n s e q u e n t ly  p r a w n  p h y s i o l o g y .  Haemolymph com pos i t ion  i s  
a f f e c t e d  b y  a b i o t i c  f a c t o r s  l i k e  s a l i n i t y ,  t e m p e r a t u r e  and d i s s o l v e d  
oxygen  a s  w e l l  as  b i o t i c  f a c t o r s  such  a s  ty p e  of  food  t h a t  th e  
p r a w n  f e e d s  on,  m ou l t  c y c l e ,  m a tu ra t io n  p r o c e s s ,  s e x ,  s i z e ,  w e ig h t  
and  co n d i t io n  f a c t o r .  I t  i s  a w e l l  known f a c t  t h a t  haem o ly m p h  
com pos i t ion  i s  d e t e r m i n e d  p r i m a r i l y  b y  m ou l t  c y c l e  and m a tu ra t io n  
p r o c e s s .  I n t e n s i v e  s tu d y  on t h e s e  a s p e c t s  of  th e  d i f f e r e n t  p e n a e i d  
p r a w n s  was made in th e  d i f f e r e n t  r e g i o n s .  Since th e  in fo rm at ion  
on v a r i a t i o n  in haem olym ph  com pos i t ion  in  r e l a t i o n  to s e x ,  s i z e ,  
w e ig h t  an d  cond i t ion  f a c t o r  of  p e n a e i d  p r a w n s  of  Ind ia  i s  s c a n t y ,  
th e  p r e s e n t  s tu d y  i s  an a t t e m p t  to e l u c i d a t e  how f a r  t h e s e  f a c t o r s  
a f f e c t  th e  haem o ly m p h  c o m p o s i t io n .
P a n i k k a r  and V isw a na than  (1948) s t u d i e d  th e  a c t i v e  
r e g u la t io n  o f  c h l o r i d e  in M etapenaeus  m onoceros .  Dali  (1964) gave  
an acc o u n t  of b lo o d  c o n s t i t u e n t s  of Metapenaeus  m a s t e r s i i .  
C a r b o h y d r a t e  and  ca lc ium  m e tabo l i sm  o f  Metapenaeus  s p . was  
s t u d i e d  b y  Dali  (1965a and  1965b) .  B a lazs  e t  a l .  (1974 ) ,  made a 
c o m p a r a t i v e  s tu d y  of  serum  c o n s t i tu e n t s  o f  Penaeus  m a rg in a tu s  and
M a c ro b ra c h iu m  r o s e n b e r g i i .  P r e l i m i n a r y  s tu d y  on th e
o s m o re g u la t io n  of  P en aeu s  s t y l i r o s t r i s  was done by R odr iguez  
( 1 9 7 6 ) .  V e d a v y a s a  Rao e t  a l ,  (1981 ) ,  s t u d i e d  th e  f lu c tu a t io n  of 
ca lc ium  l e v e l  in  h a e m o ly m p h  o f  P .  i n d i c u s  from a b r a c k i s h w a t e r  
p o n d .  Ionic  r e g u la t i o n  a g a i n s t  s a l i n i t y  range  was r e p o r t e d  b y  Dali  
and Smith  (1981) in c o m m e r c i a l l y  im p o r t a n t  p e n a e id  p r a w n s  from 
A u s t r a l i a .  O sm o re g u la to ry  a b i l i t y  in t h e  j u v e n i l e s  in r e l a t i o n  to 
h a b i t a t  p r e f e r e n c e  of  A u s t r a l i a n  p e n a e i d  p r a w n s  was a lso  s t u d i e d  
b y  Dali  (1 9 8 1 ) .  V a r i a t i o n  in  b io c h e m ic a l  com posi t ion  of
haem o ly m p h  d ue  to t o x i c a n t s  w as  r e p o r t e d  b y  R eddy  e t  a l .  ( 1986),  
in M. m o n o c e ro s .  O sm o re g u la to ry  a b i l i t y  in r e l a t i o n  to v a r y i n g  
s a l i n i t i e s  was  s t u d i e d  b y  Diwan e t  a l .  (1989a and 1989b) in 
P« nQonodon and  P .  i n d i c u s .  O sm oreg u la to ry  c a p a c i t y  of
M acrobrachdum  p e t e r s i  a t  d i f f e r e n t  s ta g e s  of i t s  l i f e  c y c l e  was 
r e p o r t e d  b y  Read ( 1984).  E f f e c t  of  s a l i n i t y  on haem o ly m p h  
c om pos i t ion  w as  s t u d i e d  b y  F e r r a r i s  e t  a l .  (1986) ,  in P .  monodon. 
K u lk a rn i  e t  a l .  ( 1980),  s t u d i e d  b lood  g lu c o se  l e v e l  in r e l a t i o n  to 
s a l i n i t y  in  P a r a p e n a e o p s i s  h a r d w i c k i a .  Smith  (1982) e x p l a i n e d  the  
i n c r e a s e  in g lu c o se  l e v e l  o f  h a e m o ly m p h  as  due to s t r e s s  in  the  
p i n k  s h r i m p  P en aeu s  d u o r a r u m .
I n v e s t i g a t i o n s  on h a e m o ly m p h  com pos i t ion  in r e l a t i o n  to 
a b i o t i c  and  b i o t i c  f a c t o r s  w e r e  c a r r i e d  o u t  in  th e  o t h e r  c r u s t a c e a n s  
by  G i l b e r t  ( 1959),  S t e w a r t  e t  a l .  (1966 ) ,  K e r r  (1969) ,  B e d fo rd  
( 1972),  Lin an d  Cohen (1 9 7 3 ) ,  Lock Wood and Inman (1973) ,  Dali
(1974a and  1974b) ,  Kannupandi  and  P a u lp a n d ia n  (1975) ,  S p a a rg a rd e n  
( 1975),  D ali  ( 1975),  S e v i l l a  (1975 ) ,  Raja  e t  a l ,  ( 1976),  Bedfo rd  
and L e a d e r  (1977) ,  Nammalwar (1 9 7 8 ) ,  Pequeux  e t  a l .  (1979) ,  
O h id a l i a  e t  a l .  (1981) ,  W a l te r s  and Uglow (1981) ,  F a i r  and Sick 
(1982 ) ,  K o b a y a sh i  (1982) ,  A degboye  (1983) ,  Hagerman (1983),  
Aruraugam and R a v in d ra n a th  ( 1983) and  Digby (1984) .
RESULTS 
H aem oly inp ti  c o m p o s i t io n  i n  r e l a t i o n  to  s e x
In th e  p r e s e n t  s t u d y  on s e x  r e l a t e d  changes  in  haem olym ph  
co m p o s i t io n  of  M. m o n o c e ro s  and  P .  i n d i c u s  f rom th e  m ar ine  
en v i ro n m e n t ;  and  P .  m onodon  and  P .  i n d i c u s  f rom the  
b r a c k i s h w a t e r  p o n d s ,  a l l  t h e  s a m p l e s  w e re  p o o le d  to g e t h e r  and 
s e p a r a t e d  on th e  b a s i s  of  s e x  o n l y .
Mean and  range  o f  e a c h  m e a s u re d  c o n s t i tu e n t  along w i th  
s t a n d a r d  d e v i a t i o n  and  n u m b e r  of  s p e c im e n s  a n a l y s e d  a r e  g iven  in 
t a b l e  5. S t u d e n t ' s  ' t '  t e s t  was  u s e d  to f in d  o u t  w h e t h e r  o r  not  
th e  d i f f e r e n c e s  be tw een  th e  two s e x e s  w e re  s t a t i s t i c a l l y  s i g n i f i c a n t .  
F i v e  p e r  cen t  p r o b a b i l i t y  l e v e l  was  c o n s i d e r e d  to be  s i g n i f i c a n t
s t a t i s t i c a l l y .
M. m o n o c e ro s
Sam ples  of h a e m o ly m p h  w e re  c o l l e c t e d  from male  ( c a r a p a c e  
le n g th  r a n g e  25-37 mm) and  fem ale  (23-50 mm) p r a w n s .  No 
s i g n i f i c a n t  d i f f e r e n c e s  w e re  found in  p r o t e i n ,  ca lc iu m ,  p o ta s s iu m  
and c o p p e r  con ten ts  b e tw ee n  t h e  two s e x e s .  C a r b o h y d r a t e  c o n ten t  
was  s i g n i f i c a n t l y  d i f f e r e n t  b e tw ee n  th e  fem a le s  w h ic h  h a d  more 
(37 .42+ 25 .09  mg/lOOml) th a n  t h e  m a le s  ( 2 2 . U 1 0 . 3 4  mg/lOOml) .
P .  m onodon
Samples  of  h a e m o ly m p h  w e re  c o l l e c t e d  from p r a w n s  w hose  
c a r a p a c e  len g th  r a n g e d  f rom  24 to 47 mm fo r  m a les  and  from 25 to 
57 mm f o r  f e m a le s .
No s ig n i f i c a n t  d i f f e r e n c e  was found be tween  s e x e s  w i th  
r e g a r d  to p r o t e i n ,  c a r b o h y d r a t e ,  ca lc ium ,  p o ta s s iu m  and  c o p p e r  
c o n t e n t s .
P .  i n d i c u s
Haemolymph was c o l l e c t e d  from sa m p le s  of p r a w n s  from the  
m a r in e  w a t e r  ( c a r a p a c e  l e n g th  r an g e  from 33 to 38 mm fo r  male  and 
33 to 43 mm fo r  fem ale )  and  b r a c k i s h w a t e r  p o n d s  (20 to 30 mm for 
m a le  and 19 to 34 mm f o r  fe m a le )  .
In th e  m ar ine  e n v i r o n m e n t  no s ig n i f i c a n t  d i f f e r e n c e  was 
found b e tw ee n  th e  two s e x e s  w i t h  r e g a r d  to p r o t e i n ,  c a r b o h y d r a t e ,  
p o t a s s iu m  and  c o p p e r  c o n te n t s  b u t  ca lc ium  l e v e l  v a r i e d  be tw een  the
two s e x e s  a s  fem ales  h a d  h ig h  ca lc ium  (8 .92±3 .83  mg/lOOml) than 
t h e  males  ( 5 . 02+2. 50 mg/lOOmI).
Sam ples  from t h e  b r a c k i s h w a t e r  show ed  t h a t  p r o t e i n ,  
c a r b o h y d r a t e ,  ca lc ium ,  p o t a s s i u m  and c o p p e r  con ten ts  d i d  no t  v a r y  
s i g n i f i c a n t l y  be tw een  th e  two s e x e s .
S t u d e n t ' s  ' t '  t e s t  s h o w e d  t h a t  th e  d i f f e r e n c e  in 
h a e m o l y m p h  cons t i tu e n t s  b e tw e e n  th e  two s e x e s  was no t  s ig n i f i c a n t  
in  th e  c a se  of  M. m o n o c e r o s ,  P .  i n d i c u s  ( m a r i n e ) ,  P .  m onodon and 
P .  i n d i c u s  ( b r a c k i s h w a t e r ) .  T h e  two s e x e s  w ere  p o o l e d  and 
t r e a t e d  as  homogeneous c o m p a r a t i v e  s tu d y  be tw een  s p e c i e s .
D e ta i l s  o f  a c o m p a r a t i v e  s tu d y  of  haem olym ph com posi t iona l  
i n t r a  and i n t e r  - s p e c i f i c  l e v e l s  i s  p r e s e n t e d  in t a b l e  6.  No
s i g n i f i c a n t  d i f f e r e n c e  was found in p r o t e i n ,  ca lc ium ,  p o ta s s iu m  and 
c o p p e r  l e v e l s  be tw een  M. m o n o c e rc s  and  P .  i n d i c u s  from m arine  
w a t e r s .  C a r b o h y d r a t e  c o n te n t  was  more  (6 9 .6 2 ± 8 .9 7  mg/lOOml) in 
P .  i n d i c u s  than in M. m o n o c e ro s  (3 0 .2 1 ± 2 0 .8 8  mg/lOOml).
A c o m p a r a t i v e  s t u d y  of  h a e m o ly m p h  com posi t ion  b e tw ee n  P .  
m onodon and  P .  i n d i c u s  r e v e a l e d  t h a t  th e  l a t t e r  h a d  more of 
p r o t e i n  ( 1 2 9 . 13±34,65 m g / m l ) ,  c a r b o h y d r a t e  (36.51±8,91 mg/lOOmI) 
and  c o p p e r  (14 .70± 4 .1  p g /m l )  than  th e  l e v e l s  of p r o t e i n  (1 1 2 .9 1  ± 
40 .02  m g /m l ) ,  c a r b o h y d r a t e  (30 .93± 11 ,99  mg/lOOmI) an d  c o p p e r  
(10 .50± 2 .90  j jg /ml)  in t h e  haem o ly m p h  o f  th e  fo r m e r .  C o p p e r  and 
c a r b o h y d r a t e  l e v e l s  d i f f e r e d  much more  s ig n i f i c a n t ly  than  p r o t e i n  
l e v e l  b e tw ee n  t h e s e  two s p e c i e s  w h e r e a s  calc ium and p o ta s s iu m  
l e v e l s  d i d  no t  show  s i g n i f i c a n t  d i f f e r e n c e s .
All th e  c o n s t i t u e n t s  e x c e p t  p r o t e i n  d i f f e r e d  s i g n i f i c a n t l y  
be tw een  P .  i n d i c u s  (m a r in e )  and  P .  i n d i c u s  ( b r a c k i s h w a t e r ) .  
P r o te in  d i d  no t  show  s i g n i f i c a n t  d i f f e r e n c e  a t  5% p r o b a b i l i t y  l e v e l  
(P  < 0 . 1 ) .  C a r b o h y d r a t e  (69 .62± 8 .97  mg/lOOmI),  p o ta s s iu m  (8 .5 6  ± 
4 .10  mg/lOOmI) and c o p p e r  (17 .50+ 3 .90  p g /m l)  l e v e l s  w e re  h ig h  in 
P .  i n d i c u s  (m a r in e )  than  c a r b o h y d r a t e  ( 3 6 .5 U 8 . 9 1  mg/lOOmI),  
p o ta s s iu m  (2 .98± 1 .07  mg/lOOmI) and c o p p e r  (14 .70±4 .10  _^g/ml) 
l e v e l s  o f  P .  i n d i c u s  ( b r a c k i s h w a t e r ) .  Calcium c o n ten t  show ed  
r e v e r s e  t r e n d  h a v in g  h i g h  v a l u e s  (11 .30±5 .75  mg/lOOmI) in 
b r a c k i s h w a t e r  s p e c im e n s  than  in t h e  spec im ens  (6 .8 7 ± 3 .4 7  
mg/lOOmI) o f  m ar ine  w a t e r s .
From th e  s tu d y  o f  h a e m o ly m p h  com posi t ion  in  r e l a t i o n  to 
s e x  and  v a r i a t i o n  in h a e m o ly m p h  com pos i t ion  a t  i o t r a  a n d  i n t e r ­
s p e c i f i c  l e v e l s  i t  was found th a t :
1. t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  in haem olym ph  c o n s t i t u e n t s
of  i n d i v i d u a l  p r a w n s .
2 .  t h e r e  m  s i g n i f i c a n t  d i f f e r e n c e  be tw een  s e x e s  of  P .  m onodon
and  P .  i n d i c u s  in b r a c k i s h w a t e r  p o n d s .
3.  th e  c a r b o h y d r a t e  l e v e l  d i f f e r e d  s ig n i f i c a n t ly  be tw een  t h e  two 
s e x e s  in th e  c a se  of  M. m o n o c e ro s ;  and t h e r e  was s ig n i f i c a n t  
d i f f e r e n c e  in ca lc ium  l e v e l  be tw een  th e  two s e x e s  of  P .  
i n d i c u s  from m a r in e  w a t e r .  In b o th  in s ta n c e s  f e m a le s  h ad  
h i g h e r  v a lu e s  than  m a les  and  t h i s  may be  a t t r i b u t e d  to 
h i g h e r  r e p r o d u c t i v e  a c t i v i t y  in t h e  fem ales  in w h ic h  o rg a n ic  
r e s e r v e s  a r e  m o b i l i z e d  from s y n t h e s i s  organ l i k e  h e p a t o -
p a n c r e a s  to th e  g o n a d .
4. t h e r e  DDsignificant d i f f e r e n c e  in  a l l  th e  c o n s t i tu e n t s  e x c e p t  
c a r b o h y d r a t e  b e tw e e n  M. m o n o c e ro s  and P .  i n d i c u s  f rom 
m a r in e  en v i ro n m e n t ;  b u t  p r o t e i n ,  c a r b o h y d r a t e  a n d  c o p p e r  
c o n ten ts  show ed  s i g n i f i c a n t  d i f f e r e n c e  be tween  P .  m onodon 
and P .  i n d i c u s  in b r a c k i s h w a t e r  p o n d s .  T h i s  may be 
a t t r i b u t e d  to t h e  p r e v a l e n c e  of  homogeneous e c o lo g ic a l  
c o n d i t io n s  in th e  m a r in e  e n v i ro n m e n t  and g r e a t e r  v a r i a t i o n  in
c u l t u r e  c o n d i t io n s .
5.  t h e r e  was v a r i a t i o n  in  t h e  l e v e l s  of  a l l  c o n s t i t u e n t s  in
P ,  i n d i c u s  from th e  two e n v i ro n m e n ts ;  i t  may be  due  to 
d i f f e r e n t  p h a s e s  in l i f e  c y c l e .  P e n a e id  p r a w n s  m ig ra te  from 
b r a c k i s h w a t e r  to s e a  f o r  m a tu ra t io n  and  spaw ning .  
P h y s i o lo g y  and  io n ic  r e g u la t i o n  of  p r a w n s  v a r y  due to onse t  
of  m a tu r i t y  and ch an g e  in s a l i n i t y  of  th e  env i ronm ent  
r e s p e c t i v  e l y .
H a e m o ly m p h  c o m p o s i t io n  in  r e l a t i o n  to  s i z e
Since t h e r e  w e re  no l a r g e  s c a l e  s ig n i f i c a n t  d i f f e r e n c e s  
be tw een  t h e  two s e x e s  in  haem o ly m p h  c o n s t i tu e n t s  ( e x c e p t  
c a r b o h y d r a t e  in  M, m onoceros  an d  ca lc ium  in P .  in d i c u s )  th e  d a t a  
w e re  p o o le d  to g e t h e r  f o r  t h e  s t u d y  of  haem olym ph  com pos i t ion  in 
r e l a t i o n  to s i z e .  C a r b o h y d r a t e  con ten t  d i f f e r e d  s ig n i f i c a n t ly  in 
M. m onoceros  b e tw ee n  t h e  two s e x e s  and  c o r r e l a t i o n  c o e f f i c i e n t  
v a lu e s  w e re  a l so  c a l c u l a t e d  a c c o r d i n g l y .  C a rapace  le n g th  in  mm 
was u s e d  a s  th e  s i z e  v a r i a b l e .  In th e  c a s e  of P .  i n d i c u s  (m arine  
w a t e r ) ,  c o r r e l a t i o n  b e tw e e n  ca lc ium  and  c a r a p a c e  le n g th  was not 
s i g n i f i c a n t  a t  p r o b a b i l i t y  l e v e l  ( P < 0 . 0 5 ) a n d  hence  d a t a  of th e  two 
s e x e s  was p o o le d  and  t r e a t e d .
C o r r e l a t i o n  c o e f f i c i e n t s  be tw een  t h e  d i f f e r e n t  haem olym ph  
c o n s t i tu e n t s  and s i z e  fo r  a l l  t h e  s p e c i e s  a r e  g iven  in t a b l e  7.
P r o te in  c o n te n t  a s  a func t ion  o f  c a r a p a c e  le n g th  show ed  
s ig n i f i c a n t  (P  < 0 .01 )  n e g a t i v e  c o r r e l a t i o n  in th e  c a s e  of  M. 
m onoceros  and  P .  i n d i c u s  ( f rom  m ar ine  an d  b r a c k i s h w a t e r )  b u t  in
t h e  case  of  P .  monodon t h e r e  was no s ig n i f i c a n t  r e l a t i o n s h i p  
a l th o u g h  i t  was  n e g a t iv e .
No s t a t i s t i c a l  s i g n i f i c a n c e  was found in th e  n eg a t iv e  
c o r r e l a t i o n  be tw een  c a r b o h y d r a t e  and  c a r a p a c e  le n g th  in th e  case  
o f  P .  i n d i c u s  from m ar ine  w a t e r  and  b r a c k i s h w a t e r ; s ig n i f i c a n t  
(P  < 0 .05)  and  n e g a t iv e  c o r r e l a t i o n  was found in th e  case  of 
P .  m onodon; b u t  in th e  c a s e  o f  M. m o n o c e ro s  in w h ic h  the  
r e l a t i o n s h i p  was s ig n i f i c a n t  in f e m a le s  o n ly  i t  was p o s i t i v e .
Calcium show ed  s i g n i f i c a n t  (P<  0 .01 )  neg a t iv e  r e l a t i o n s h i p  
w i th  s i z e  in  t h e  case  o f  M. m o n o c e ro s ;  s i g n i f i c a n t  (P < 0.001) 
p o s i t i v e  r e l a t i o n s h i p  in th e  c a s e  of  P .  m onodon and P .  i n d i c u s  
from b r a c k i s h w a t e r  p o n d s ;  an d  p o s i t i v e  r e l a t i o n s h i p  o f  no 
s t a t i s t i c a l  s ig n i f i c a n c e  in t h e  c a s e  of  P .  i n d i c u s  from marine  
w a t e r .
P o ta s s iu m  show ed  s i g n i f i c a n t  (P  < 0 .05)  neg a t iv e  
r e l a t i o n s h i p  in th e  case  of  P .  m onodon  and  P .  i n d i c u s  from 
b r a c k i s h w a t e r  p o n d s  w h e r e a s  in t h e  c a s e  o f  M. m o n o ce ro s  and P .  
i n d i c u s  in  t h e  m ar ine  e n v i ro n m e n t  t h e r e  was  a p o s i t i v e  r e l a t i o n s h i p
of  no s t a t i s t i c a l  s i g n i i i c a n c e .
No s ig n i f i c a n t  c o r r e l a t i o n  was found be tween  c o p p e r  and 
c a r a p a c e  l e n g th  in a l l  t h e  s p e c i e s  e x c e p t  in  th e  case  of P .  i n d i c u s  
f rom  b r a c k i s h w a t e r  p o n d s ,  in  w h ic h  th e  r e l a t i o n s h i p  was p o s i t i v e
an d  s ig n i f i c a n t  ( P < 0 . 0 5 ) .
The  f a c t s  t h a t  em erged  o u t  of  th e  s t u d y  a r e  as fo l lo w s :
1. P r o te in  con ten t  d e c r e a s e d  w i th  s iz e  i r r e s p e c t i v e  of 
en v i ro n m en t
2. C a r b o h y d r a t e  c o n te n t  a l s o  d e c r e a s e d  w i th  s i z e  in a l l  
s p e c i e s  e x c e p t  in t h e  c a s e  of  M. m o n o c e ro s
3. Calc ium con ten t  i n c r e a s e d  w i th  s i z e  in  b r a c k i s h w a t e r  p o n d s
H a e m o ly m p h  c o m p o s i t i o a  i n  r e l a t i o n  to  t h e  w e ig h t
T he  d a t a  of th e  two s e x e s  w e r e  p o o le d  f o r  t h e  s tu d y  of 
r e l a t i o n s h i p  between h a e m o ly m p h  c o n s t i t u e n t s  and w e ig h t  of  th e  
p r a w n s  ( e x c e p t  c a r b o h y d r a t e  in  M. m o n o c e ro s  and  ca lc ium  in 
P .  i n d i c u s )  as in th e  s i z e  r e l a t e d  s t u d y .  C o r r e l a t i o n  c o e f f i c i e n t s  
and  t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e  in t h e  case  of  a l l  p a r a m e t e r s  of 
a l l  t h e  s p e c i e s  a r e  g iven  in  t a b l e  8 .
N egat ive  c o r r e l a t i o n  show ing  d e c r e a s e  of  p r o t e i n  w i th  
w e ig h t  was o b s e r v e d  in a l l  t h e  s p e c i e s .
C a r b o h y d r a t e  s h o w e d  d e c r e a s e  w i t h  w e ig h t  in  t h e  c a s e  of 
P .  m onodon  and P .  i n d i c u s  in  b r a c k i s h w a t e r ;  w h i l e  in  t h e  c a s e  of  
P .  i n d i c u s  and M. m o n o c e ro s  f rom m a r in e  w a te r  i t  s h o w e d  p o s i t i v e  
oorrelation. The  r e l a t i o n s h i p  was  no t  s i g n i f i c a n t  in  t h e  c a s e  of  M. 
m o n o c e ro s  (m a le ) ;  w h i l e  i t  was  s ig n i f i c a n t  in th e  f e m a le s  of 
M, m o n o c e ro s
Calcium l e v e l  was  p o s i t i v e l y  c o r r e l a t e d  w i t h  w e ig h t  in  the  
c a se  o f  P .  m onodon (n o t  s ig n i f i c a n t )  a n d  P .  i n d i c u s  ( s ig n i f i c a n t )
from b r a c k i s h w a t e r  p o n d s  w h e r e a s  n e g a t iv e ly  c o r r e l a t e d  w i th  
w e ig h t  in  M. m o n o c e ro s  an d  P .  i n d i c u s  ( s ig n i f i c a n t  o n ly  in fem ale )  
in t h e  m a r in e  e n v i ro n m e n t .
P o s i t i v e  r e l a t i o n s h i p  was  o b s e r v e d  be tw een  p o ta s s iu m  and 
w e ig h t  in th e  c a se  of  M, m o n o c e ro s  ( s ig n i f i c a n t )  and P .  i n d i c u s  
(n o t  s ig n i f i c a n t )  f rom m a r in e  w a te r  b u t  i t  was n eg a t iv e  in th e  case  
of  P .  m onodon ( s i g n i f i c a n t )  and  P ,  i n d i c u s  (not  s ig n i f i c a n t )  f rom 
b r a c k i s h w a t e r  p o n d s .
C o p p e r  l e v e l  was  n e g a t i v e l y  c o r r e l a t e d  (P  < 0 .05)  w i th  
w e ig h t  in th e  c a se  of  P .  m onodon  and  p o s i t i v e l y  c o r r e l a t e d (  P<001) 
in t h e  c a s e  of P .  i n d i c u s  f rom b r a c k i s h w a t e r .  P o s i t i v e  t r e n d  was 
o b s e r v e d  in th e  c a s e  of  M. m o n o c e ro s  and P .  i n d i c u s  in m a r in e  
w a te r  b u t  not  s ig n i f i c a n t  s t a t i s t i c a l l y .
The  f a c t s  draw n o u t  of th e  p r e s e n t  s t u d y  a r e  as  f o l lo w s :
1. P ro te in  l e v e l  was n e g a t i v e l y  c o r r e l a t e d  w i th  w e ig h t  in a l l  t h e  
sp  e c i e s .
2. C a r b o h y d r a t e  c o n ten t  was  n e g a t iv e l y  c o r r e l a t e d  in th e  
b r a c k i s h w a t e r  e n v i ro n m e n t  and  p o s i t i v e l y  c o r r e l a t e d  in th e
m a r in e  en v i ro n m e n t .
3. Calcium l e v e l  was  n e g a t i v e l y  c o r r e l a t e d  w i th  w e ig h t  in m a r in e  
w a te r  and p o s i t i v e l y  c o r r e l a t e d  in b r a c k i s h w a t e r .
4. C o p p e r  con ten t  was n e g a t i v e l y  c o r r e l a t e d  w i th  w e ig h t  in  th e  
c a s e  of  P .  m onodon  a nd  p o s i t i v e l y  c o r r e l a t e d  in t h e  c a s e  of
P .  in d ic u s  in b r a c k i s h w a t e r . In t h e  c a s e  of  M. m onoceros  
a n d  P . in d ic u s  f r o m  m a r i n e  w a t e r  t h e  r e l a t i o n s h i p  was  
p o s i t i v e  b u t  n o t  s i g n i f i c a n t .
C r o p - w is e  haem olyn iph  c h a r a c t e r i s t i c s  in  r e la t io n  to c a i^ p a c e  le n g th
S inc e  t h e  r e l a t i o n s h i p  o f  h a e m o l y m p h  c h a r a c t e r i s t i c s  w i t h  
c a r a p a c e  l e n g t h  a n d  w e i g h t  v a r i e d  f ro m  s p e c i e s  to s p e c i e s  a n d  f rom  
on e  e n v i r o n m e n t  to a n o t h e r  e n v i r o n m e n t ,  c r o p - w i s e  d i f f e r e n c e s  in 
c o r r e l a t i o n s  b e t w e e n  h a e m o l y m p h  c h a r a c t e r i s t i c s  on t h e  one  h a n d  
a n d  c a r a p a c e  l e n g t h  a n d  w e i g h t  on t h e  o t h e r  w e r e  s t u d i e d  in t h e  
c a s e  o f  P .  tDonodon a n d  P .  in d ic u s  ( T a b l e s  9 & 1 0 ) .  D a ta  o f  m a l e s  
a n d  f e m a l e s  of e a c h  c r o p  w e r e  p o o l e d  f o r  s t a t i s t i c a l  t r e a t m e n t .
P .  monodon
P r o t e i n  w a s  p o s i t i v e l y  c o r r e l a t e d  w i t h  c a r a p a c e  l e n g t h  in 
t h r e e  c r o p s  ( C r o p s  I ,  I I I  a n d  IV) a n d  s h o w e d  n e g a t i v e  c o r r e l a t i o n  
in t h e  c a s e  of  c r o p  I I .  T h e  r e l a t i o n s h i p  was  s i g n i f i c a n t  in c r o p
I ,  w h i l e  in t h e  c a s e  o f  t h e  o t h e r  t h r e e  c r o p s  i t  w a s  no t
s i g n i f i c a n t .
C a r b o h y d r a t e  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in t h e  c a s e  of  
c r o p s  I a n d  I I ;  p o s i t i v e  c o r r e l a t i o n  in  t h e  c a s e  o f  c r o p  I I I ;  no 
c o r r e l a t i o n  in c r o p  IV b e c a u s e  o f  a l l  t h e  i n d i v i d u a l  s a m p l e s  h a v i n g  
s a m e  c o n t e n t  o f  c a r b o h y d r a t e .  T h  r e l a t i o n s h i p  w a s  s i g n i f i c a n t  in
c r o p  I o n l y .
C a lc ium  w a s  p o s i t i v e l y  c o r r e l a t e d  in t h e  c a s e  o f  c r o p s  I& 
IV a n d  n e g a t i v e l y  c o r r e l a t e d  in  t h e  c a s e  of  c r o p s  II  a n d  I I I  b u t
w a s  s i g n i f i c a n t  in c r o p  I o n l y .
P o t a s s i u m  w a s  p o s i t i v e l y  c o r r e l a t e d  in a l l  t h e  f o u r  c r o p s  
b u t  w a s  s i g n i f i c a n t  in  c r o p  I I I  o n l y .
C o p p e r  s h o w e d  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  in  c r o p s  I ,  
I I I  a n d  IV b u t  t h o u g h  n e g a t i v e l y  c o r r e l a t e d  in c r o p  I I  i t  w a s  n o t  
s i g n i f i c a n t .
P .  i n d i c u s
P r o t e i n  s h o w e d  p o s i t i v e  c o r r e l a t i o n  in a l l  t h e  t h r e e  c r o p s  
b u t  i t  w a s  found  to b e  n o t  s i g n i f i c a n t .
C a r b o h y d r a t e  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in c r o p s  I a n d  I I ,  
p o s i t i v e  c o r r e l a t i o n  in c r o p  I I I  b u t  fo u n d  to b e  s i g n i f i c a n t  in c r o p s
II a n d  I I I  o n l y .
No s i g n i f i c a n t  r e l a t i o n s h i p  w a s  fo u n d  b e t w e e n  c a l c i u m  a n d  
c a r a p a c e  l e n g t h  in a l l  t h e  t h r e e  c r o p s  b u t  p o s i t i v e  c o r r e l a t i o n  was  
o b s e r v e d  in c r o p s  I a n d  I I ,  n e g a t i v e  in  c r o p  I I I .
P o t a s s i u m  d i d  n o t  s h o w  s i g n i f i c a n t  r e l a t i o n s h i p  b u t  i t  w a s  
fo u n d  to b e  n e g a t i v e  in  c r o p  I I ,  a n d  p o s i t i v e  in  c r o p s  I a n d  I I I .
C o p p e r  w a s  n e g a t i v e l y  c o r r e l a t e d  in c ro p  I w h i l e  in  t h e  
o t h e r  two c r o p s  ( c r o p  I I  a n d  I I I )  i t  s h o w e d  p o s i t i v e  r e l a t i o n s h i p  
w h i c h  was  s i g n i f i c a n t  in  c r o p  I I I  o n l y .
C r o p - w is e  d i f f e r e n c e s  in  t h e  r e la t io n s h ip s  b e tw een  haem olym ph  
c o n s t i tu e n ts  and w e ig h t  
P .  monodon
P r o t e i n  w a s  p o s i t i v e l y  c o r r e l a t e d  w i t h  w e i g h t  in  a l l  t h e  
t h r e e  c r o p s  b u t  i t  w a s  s i g n i f i c a n t  in  c r o p s  I I I  and  IV o n l y .
C a r b o h y d r a t e  s h o w e d  p o s i t i v e  r e l a t i o n s h i p  ( n o t  s i g n i f i c a n t )  
in  c r o p s  II  and  I I I  o n l y .
C a lc iu m  s h o w e d  p o s i t i v e  r e l a t i o n s h i p  in a l l  t h e  t h r e e  
c r o p s  b u t  found  to b e  s i g n i f i c a n t  in  c r o p  I o n l y .
P o t a s s i u m  s h o w e d  p o s i t i v e  r e l a t i o n s h i p  in a l l  t h e  t h r e e  
c r o p s  ( n o t  s i g n i f i c a n t ) .
C o p p e r  s h o w e d  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  in  a l l  t h e  
t h r e e  c r o p s .
P .  in d ic u s
P r o t e i n  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in c ro p  II  a n d  p o s i t i v e  
c o r r e l a t i o n  in t h e  o t h e r  two c r o p s  ( c r o p s  I a n d  I I I )  ( n o t  
s i g n i f i c a n t  in any  c r o p ) .
C a r b o h y d r a t e  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in  c r o p s  I a n d  II 
a n d  p o s i t i v e  c o r r e l a t i o n  i n  c r o p  I I I  ( n o t  s i g n i f i c a n t  in a n y  c r o p ) .
C a lc iu m  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in  a l l  t h e  t h r e e  c r o p s  
b u t  s i g n i f i c a n t  in c r o p  II  o n l y .
P o t a s s i u m  s h o w e d  n e g a t i v e  c o r r e l a t i o n  in  c r o p  I b u t  
p o s i t i v e  c o r r e l a t i o n  in c r o p s  II  a n d  I I I  ( s i g n i f i c a n t  in c ro p  II
o n l y ) .
C o p p e r  w a s  n e g a t i v e l y  c o r r e l a t e d  in  c ro p  I ,  p o s i t i v e l y  
c o r r e l a t e d  in c r o p s  II  a n d  I I I  ( s i g n i f i c a n t  in  c r o p  I I I  o n l y ) .
F ro m  t h e  s t u d y  o f  c r o p - w i s e  d i f f e r e n c e s  i n  h a e m o l y m p h  
c o m p o s i t i o n  in r e l a t i o n  to c a r a p a c e  l e n g t h  a n d  w e i g h t ,  i t  may be  
c o n c l u d e d  t h a t  t h e  r e l a t i o n s h i p s  w i t h  c a r a p a c e  l e n g t h  a n d  w e i g h t  
w e r e  d e p e n d e n t  upon t h e  p r e v a i l i n g  c u l t u r e  c o n d i t i o n s .  Q u a l i t y  a n d  
q u a n t i t y  o f  f e e d  g i v e n  d u r i n g  t h e  c u l t u r e  p e r i o d  w e r e  found  to be  
t h e  c o n t r i b u t o r y  f a c t o r s  f o r  t h e  w e l l  b e in g  o f  p r a w n s  ( v i d e
c h a p t e r  7 ) .
H a e m o ly tn p h  c o m p o s i t i o n  i n  r e l a t i o n  t o  c o n d i t i o n  f a c t o r
In f i s h ,  g e n e r a l l y ,  p h y s i o l o g i c a l  s t a t e  o f  t h e  aninaal  i s  
a s s e s s e d  b y  th e  m e a s u r e  of  t h e  c o n d i t i o n  f a c t o r  d r a w n  f ro m  l e n g t h -  
w e i g h t  r e l a t i o n s h i p .  C o n d i t i o n  f a c t o r  i s  t h e  m e a s u r e  o f  d e v i a t i o n  
o f  t h e  w e i g h t  of  an i n d i v i d u a l  f r o m  t h e  e x p e c t e d  n o r m a l  w e i g h t  in 
t h e  p o p u l a t i o n  f o r  a  g i v e n  l e n g t h .  Good a n d  p o o r  c o n d i t i o n  f a c t o r s  
i n d i c a t e  h e a l t h y  a n d  u n h e a l t h y  c o n d i t i o n  o f  t h e  i n d i v i d u a l  f i s h .  
An a t t e m p t  i s  m a d e  in  t h e  p r e s e n t  s t u d y  to f i n d  o u t  t h e  
r e l a t i o n s h i p  b e tw e e n  h a e m o l y m p h  c o n s t i t u e n t s  a n d  c o n d i t i o n  f a c t o r  
o f  t h e  p r a w n  in t h e  s a m e  f a s h i o n  a s  i t  i s  done  in  t h e  c a s e  of
f i s h e s .
In o r d e r  to a v o i d  t h e  i n f l u e n c e  o f  t h e  m a t u r i t y  on 
c o n d i t i o n  f a c t o r ,  o n l y  P .  in d ic u s  a n d  P .  monodon f rom  
b r a c k i s h w a t e r  p o n d s  w e r e  s e l e c t e d  f o r  t h i s  s t u d y  a s  t h e y  do  n o t  
m a t u r e  in  b r a c k i s h w a t e r  e n v i r o n m e n t .  C o n d i t i o n  f a c t o r  was
c a l c u l a t e d  f o r  e a c h  i n d i v i d u a l  o f  P .  in d ic u s  and  P .  monodon t a k i n g  
c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  ( v i d e  c h a p t e r  2 ) .  C o n d i t i o n  
f a c t o r  o f  e a c h  p r a w n  w a s  c a l c u l a t e d  b y  us ing  t h e  f o r m u l a  of  
Le C r e n  (1 9 5 1 ) :
Kn = IOOW/Cl '^
w h e r e  Kn = c o n d i t i o n  f a c t o r ,  W = w e i g h t  of  t h e  p r a w n ,  CL 
c a r a p a c e  l e n g t n  o f  t h e  p r a w n ,  b  = e x p o n e n t  v a l u e  d e r i v e d  f o r  
c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p  ( b  = 2 .6 3 0 4  f o r  P .  monodon a n d  
b = 2 .5 3 6 3  f o r  P .  i n d i c u s ) .
S inc e  t h e  d i f f e r e n c e  in h a e m o l y m p h  c o n s t i t u e n t  l e v e l  
b e t w e e n  t h e  two s e x e s  w a s  n o t  s i g n i f i c a n t ,  t h e  m a l e s  a n d  f e m a l e s  
w e r e  p o o l e d  f o r  s t a t i s t i c a l  t r e a t m e n t .  I n i t i a l l y  r e l a t i o n s h i p s  
b e t w e e n  c a r a p a c e  l e n g t h  a n d  h a e m o l y m p h  c h a r a c t e r i s t i c s  w e r e  
d e r i v e d  b y  f o l lo w in g  t h e  l e a s t  s q u a r e  m e t h o d .  T h e  r e l a t i o n s h i p s
a r e  a s  f o l l o w s  j
P .  monodon
P r o t e i n  c o n t e n t  ( m g / m l )  = 1 9 2 . 1 2 - 2 . 5002CL ( r  -  0 .4 4 8 0 )  
C a r b o h y d r a t e  c o n te n t  ( m g / 1 0 0 m l )  = 4 3 .4 5 5 9 - 0 .4 0 2 4 C L  ( r  = - 0 . 3 4 4 1 )  
C a lc iu m  c o n t e n t  (mg/ lO Om l)  = 5 .6 1 6 9  + 0 .0923CL ( r  = 0 .1 3 1 2 )
P o t a s s i u m  c o n t e n t  (m g / lO O m l)  ^ 1 1 0 . 8 4 9 7 - 0 . 1412CL ( r  = - 0 . 4 5 2 6 )  
C o p p e r  c o n t e n t  ( ^ g / m i )  = - 6 . 9 0 3 8  + 0 .2472C L ( r  = 0 .2 4 7 2 )
P .  in d ic u s
P r o t e i n  c o n t e n t  ( m g / m l )  = 2 4 1 . 6 3 - 4 . 2347CL ( r  = - 0 . 4 9 0 6 )  
C a r b o h y d r a t e  c o n t e n t  (m g/ lO O m I)  = 3 8 . 6 4 1 4 - 0 .  1052CL ( r  = - 0 . 0 4 4 7 )  
C a lc iu m  c o n te n t  (mg/ lO Om I)  = - 1 1 . 8 4 5  + 0 .8741CL ( r  = 0 .6 3 2 9 )  
P o t a s s i u m  c o n t e n t  (m g/ lO Om I)  = 5 . 6 5 4 4 - 0 .  0977CL ( r  = - 0 . 3 7 6 2 )
C o p p e r  c o n te n t  ( ^ g / m l )  = 0 .6245  + 0 .0316C L ( r  = 0 .2 9 2 5 )
E a c h  c o n s t i t u e n t  l e v e l  o f  h a e m o l y m p h  o f  i n d i v i d u a l  p r a w n
was  c o r r e c t e d  to a s t a n d a r d  a n i m a l  w h o s e  c a r a p a c e  l e n g t h  was
2 7 .2 9 5  mm f o r  P . in d ic u s  a n d  3 2 .0 8  mm f o r  P .  monodon b y  us ing  
t h e  f o l l o w i n g  f o r m u l a :
C o n s t i t u e n t  c o n t e n t  o f  -  -^i
^ ^ T - ___ b X CL
s t a n d a r d  a n im a l
b  X CL
W h e re  = c o n s t i t u e n t  l e v e l  o f  i n d i v i d u a l  p r a w n
b = r e g r e s s i o n  c o e f f i c i e n t  v a l u e  f ro m  r e g r e s s i o n
CL = c a r a p a c e  l e n g t h  o f  i n d i v i d u a l  p r a w n
CL~ = c a r a p a c e  l e n g t h  o f  s t a n d a r d  an im a l
( a v e r a g e  c a r a p a c e  l e n g t h  o f  t o t a l  s a m p l e )
C o r r e c t e d  v a l u e s  o f  e a c h  c o n s t i t u e n t  w e r e  p l o t t e d  a g a i n s t  
c o n d i t i o n  f a c t o r  f o r  P .  i n d i c u s  a n d  P .  monodon . C o r r e l a t i o n  
c o e f f i c i e n t  i s  show n  in  t a b l e  11.
P r o t e i n  a n d  c a r b o h y d r a t e  w e r e  n e g a t i v e l y  c o r r e l a t e d  w i t h  
c o n d i t i o n  f a c t o r  b u t  n o t  s i g n i f i c a n t  s t a t i s t i c a l l y  e x c e p t  in t h e  c a se
o f  p r o t e i n  c o n te n t  in P .  monodon w h e r e  i t  w a s  s i g n i f i c a n t  a t  
P < 0 ,0 2  l e v e l .
C a lc iu m  c o n t e n t  s h o w e d  no r e l a t i o n s h i p  w i t h  c o n d i t i o n
f a c t o r .
P o t a s s i u m  l e v e l  w a s  fo u n d  to b e  s i g n i f i c a n t l y  c o r r e l a t e d  
w i t h  c o n d i t i o n  f a c t o r  in P .  monodon ( P  < 0 .0 2 )  w h e r e a s  in P .  
in d ic u s  t h e  r e l a t i o n s h i p  w a s  n o t  s i g n i f i c a n t .
C o p p e r  s h o w e d  no r e l a t i o n s h i p  w i t h  c o n d i t i o n  f a c t o r .
F rom  t h i s  s t u d y  i t  m ay  b e  c o n c l u d e d  t h a t  t h o u g h  p r o t e i n
a n d  p o t a s s i u m  in h a e m o l y m p h  o f  P .  monodon s h o w e d  w e a k
r e l a t i o n s h i p s  (P  < 0 . 0 2 )  w i t h  c o n d i t i o n  f a c t o r ,  in g e n e r a l ,  t h e r e
w a s  no t r e n d  of  t h e  a c c u m u l a t i o n  o f  h a e m o l y m p h  c o n s t i t u e n t s  o r  
d e c r e a s e  in r e l a t i o n  to c o n d i t i o n  f a c t o r .
DISCUSSION
In t h e  p r e s e n t  s t u d y  of  h a e m o l y m p h  c o m p o s i t i o n ,  a w i d e  
r a n g e  o f  p r o t e i n  c o n c e n t r a t i o n  w a s  fo u n d  in M. m onoceros ( 2 7 . 0 0 -
2 1 0 .0 0  m g / m l ) ,  P .  monodon ( 3 2 . 0 0 - 2 6 0 . 0 0  m g / m l ) ,  P .  in d ic u s  f rom  
m a r i n e  w a t e r  ( 3 3 . 0 0 - 1 8 0 .  00 m g /m l )  and  P . in d ic u s  f rom  
b r a c k i s h  w a t e r  ( 6 0 . 00~180 .0 0  m g / m l ) .  Horn and  K e r r  (1963)  a l s o  
found  c o n s i d e r a b l e  r a n g e  o f  p r o t e i n  c o n t e n t  ( 8 . 8 - 1 3 2  m g / m l )  in t h e  
s e r u m  o f  C a l l in e c te s  s a p id u s  R a t h b u r n .  K e r r  (1969)  g a v e  an 
a c c o u n t  o f  w i d e  r a n g e  in  p r o t e i n  l e v e l  ( 1 2 . 0 - 1 1 7 . 0  m g /m l )  o f  
h a e m o l y m p h  in C a l l in e c t e s  s a p i d u s .  B a l a z s  a t  a l .  (1974)  r e p o r t e d  
s e r u m  p r o t e i n  r a n g e  f o r  P .  m arg in atu s  ( 7 . 6 - 1 3 . 8  g / lO O m l)  a n d  
M acrobrachium  r o s e n b e r g l i  ( 1 0 . 4 - 1 4 . 4  g / lO O m I) .  A c c o r d i n g  to
F l o r k i n  ( 1960) ,  p r o t e i n  c o n t e n t  in d e c a p o d a  v a r i e d  f r o m  0 .7  to 8 . 8  
g / 1 0 0 m l .  Leone ( 1953) g a v e  t h e  r a n g e  o f  p r o t e i n  c o n c e n t r a t i o n  in 
t h e  s e r u m  of  d e c a p o d  c r u s t a c e a n s ,  Homarus am er ican u s ( 2 , 2 - 1 0 , 2  
g / lO O m I ) ,  C a l l in e c te s  s a p id u s  ( 1 . 8 3 - 1 2 , 0  g / lO O m I) ,  C an cer m a g is te r  
( 1 . 1 6 - 1 3 . 7 5  g / lO O m I) ,  C , i r r o r a t u s  ( 1 . 7 5 - 1 1 . 4 5  g/ lOOmI) a n d  L ib in ia  
em ai'g inata  ( 0 . 7 3 - 7 . 2 5  g / 1 0 0 m l ) .
As p e r  F l o r k i n  (1960)  c a r b o h y d r a t e  l e v e l  r a n g e  in  t h e  
h a e m o l y m p h  of  f r e s h l y  c a p t u r e d  c r u s t a c e a n s  was  f ro m  3 to 182 
m g /1 0 0 m l .  B a la z s  e t  a l .  ( 1 9 7 4 ) ,  g a v e  t h e  r an g e  o f  s e r u m  g l u c o s e  
c o n t e n t  a s  10-68 mg/lOOml a n d  44 -110  mg/lOOml f o r  P .  m arg inatus  
a n d  M. r o s e n b e r g i i  r e s p e c t i v e l y .  In t h e  p r e s e n t  s t u d y  t h e
c a r b o h y d r a t e  c o n te n t  in  t h e  h a e m o l y m p h  v a r i e d  f ro m  1 2 . 0 - 1 1 8 . 0  
mg/lOOmI in M. m o n o cero s , f ro m  9 . 0 - 5 0 . 0  mg/lOOmI in P .  monodon.
4 0 . 0 - 8 0 . 0  mg/lOOml in P .  i n d i c u s  ( m a r i n e )  a n d  2 5 . 0 - 5 9 , 0  rag/lOOml 
in  P .  in d ic u s  ( b r a c k i s h w a t e r ) .
C a lc ium  l e v e l  in  t h e  p r a w n s  o f  t h e  p r e s e n t  s t u d y  v a r i e d  
f r o m  1 . 1 0 - 1 2 . 0  mg/lOOmI in  M. m o n o c er o s ,  2 . 0 0 - 2 7 . 0  mg/lOOmI in 
P .  m onodon, 3 . 0 0 - 1 4 . 0  m g /1 0 0 m l  in P .  in d ic u s  ( m a r i n e )  a n d  3 . 9 0 -
2 3 . 0  mg/lOOmI in P - i n d i c u s  ( b r a c k i s h w a t e r ) .  I t  i s  r a t h e r  low 
c o m p a r e d  to t h e  v a l u e s  o f  5 3 . 0 - 7 3 . 0  m g /1 0 0 m l  in  P .  m arginatus and
6 6 . 0 - 1 1 2 . 0  mg/lOOmI in M. r o s e n b e r g i i  ( f r e s h  w a t e r )  g i v e n  b y  
B a l a z s  e t  a l .  ( 1 9 7 4 ) .  D a l i  ( 1 9 6 5 b )  g a v e  c a l c i u m  r a n g e  ( 2 0 . 0 - 3 0 . 0  
m - e q u i v / 1 )  in t h e  h a e m o l y m p h  of  i n t e r m o u l t  s t a g e  of  M etapenaeus  
s p .  V e d a v y a s a  Rao e t  a l  (1981)  r e p o r t e d  c a l c i u m  in t h e  
h a e m o l y m p h  of  P . in d ic u s  f ro m  b r a c k i s h w a t e r  p o n d s  r a n g i n g  f rom
0 . 3 0 - 0 . 8 0  m g / m l .  B u r s e y  a n d  Lane  (19 7 1 )  r e p o r t e d  a n a r r o w  r a n g e  
o f  c a l c i u m  w i t h  l o w  v a l u e s  o f  1 3 . 0 - 1 6 . 3 0  M - e q u i l / 1 )  in t h e  
h a e m o l y m o h  of P enaeus duorarum  d u r i n g  m o u l t  c y c l e .  A d e g b o y e  
(1983)  r e p o r t e d  mean c a l c i u m  l e v e l  a s  4 1 .7 6  + 1 .41  mg/lOOmI in  t h e  
h a e m o l y m p h  of  f r e s h  w a t e r  c r a y f i s h  P rocam b aru s  a cu tu s .
Mean c a lc iu m  l e v e l  w a s  h i g h  in  P .  in d ic u s  ( 1 1 . 3 0 ± 5 . 7 5  
mg/lOOmI) a n d  P .  monodon ( 1 0 . 4 2 ± 5 . 2 9  mg/lOOml)  in  b r a c k i s h w a t e r  
p o n d s  c o m p a r e d  to P .  in d ic u s  ( 6 . 8 7 ± 3 . 4 7  mg/lOOmI) and  
M. m onoceros ( 6 . 0 ± 2 . 9 0  mg/lOOmI)  i n  m a r i n e  w a t e r .  B a l a z s  e t  a l .
(1974)  r e p o r t e d  h i g h  m ean  l e v e l  o f  c a l c i u m  in M. r o s e n b e r g i i  (85 
mg/lOOmI)  f rom  f r e s h  w a t e r  p o n d  a s  w e l l  a s  P .  m arginatus (63 
mg/lOOmI) f rom  m a r i n e  w a t e r .  H igh  c a lc iu m  l e v e l  In the
h a e m o l y m p h  of  P .  in d ic u s  a n d  P .  monodon f rom  b r a c k i s h w a t e r  
p o n d s  may  be a t t r i b u t e d  to t h e  a p p l i c a t i o n  o f  l i m e  ( c a l c iu m  
h y d r o x i d e )  in t h e  p o n d  to m a i n t a i n  p H  a n d  h y g i e n i c  c o n d i t i o n s  in 
t h e  p o n d .  Dal i  a n d  S m i th  (1981)  a n d  V e d a v y a s a  Rao e t  a l .  ( 1 9 8 1 ) ,  
r e p o r t e d  t h a t  in p e n a e i d  p r a w n s  h a e m o l y m p h  c a lc iu m  c o n c e n t r a t i o n  
i n c r e a s e s  w i t h  t h e  c o n c e n t r a t i o n  in  t h e  e x t e r n a l  m edium  a s s o c i a t e d  
w i t h  i n c r e a s i n g  s a l i n i t y .  A d e g b o y e  (1983)  fo u n d  p o s i t i v e
r e l a t i o n s h i p  b e t w e e n  h a e m o l y m p h  c a l c i u m  a n d  c a lc iu m  c o n t e n t  in t h e  
f r e s h  w a t e r  m edium in t h e  c a s e  o f  c r a y f i s h  P rocam b aru s a c u tu s .  
T h e  b r a c k i s h w a t e r  p o n d s  in t h e  p r e s e n t  s t u d y  th o u g h  l e s s  s a l i n e  
(19 p p t )  than  in  t h e  s e a  (33 p p t )  i t  i s  r a t h e r  h i g h  f o r  
b r a c k i s h w a t e r  c o n d i t i o n s  d u e  to l i m e  a p p l i c a t i o n  (250 k g / h a / c r o p ) .  
H o w e v e r ,  F e r r a r i s  e t  a l .  ( 1 9 8 6 ) ,  o b s e r v e d  t h a t  c a l c i u m  l e v e l  in 
t h e  h a e m o l y m p h  in P .  monodon i s  w e l l  r e g u l a t e d  l y i n g  b e tw e e n  6 . 4  
a n d  10 mM when s a l i n i t y  o f  t h e  m e d i u m  w a s  m a i n t a i n e d  in b e tw e e n
8 . 0  a n d  4 4 .0  p p t .
In t h e  p r e s e n t  s t u d y  p o t a s s i u m  l e v e l  w as fo u n d  to v a r y  
f ro m  2 .2 4  -  11 .0  mg/lOOml in M. m o n o cero s;  0 . 8 - 7 . 6 8  mg/lOOml in 
P .  monodon; 2 . 8 0 - 1 2 . 8 0  mg/lOOmI in P .  in d ic u s  f rom  m a r i n e  w a t e r ;  
a n d  1 . 6 8 - 5 . 2 8  mg/lOOmI in P .  i n d i c u s  f ro m  b r a c k i s h w a t e r  p o n d .  
T h e  h i g h  v a l u e s  in t h e  r a n g e  o b s e r v e d  in  t h e  p r e s e n t  s t u d y  a r e  
n e a r e r  to t h e  8 . 8 - 9 . 2  M - e q u i v / 1  in  P .  duorarum g i v e n  b y  B u r s e y  
a n d  L a n e  ( 1 9 7 1 ) .  B e d f o r d  ( 1972) e s t i m a t e d  p o t a s s i u m  c o n c e n t r a t i o n  
in  t h e  h a e m o l y m p h  o f  g r a o s i d  c r a b ,  H e l ic e  c r a s s a  Dana a s  10 mM/1.
B e d f o r d  a n d  L e a d e r  ( 1977) r e p o r t e d  p o t a s s i u m  c o n te n t  a s  12 .2  mM/1 
in 100% s e a  w a t e r  in  t h e  h a e m o l y m p h  o f  s h o r e  c r a b  H e m i g r a p s u s  
e d w a r d s i  a n d  found  t h a t  p o t a s s i u m  c o n t e n t  i n c r e a s e s  a lo n g  -^/ith 
m ed iu m  c o n c e n t r a t i o n  f r o m  ,25% o f  s e a  w a t e r  to 100% s e a  w a t e r ,  
D a l i  a n d  S m i th  (1981) a l s o  r e p o r t e d  t h a t  p o t a s s i u m  l e v e l  in t h e  
h a e m o l y m p h  of P e n a e u s  p l e b i u s ,  P .  e s c u l e n t u s  and  P .  m e r g ^ i e n s i s  
i n c r e a s e s  w i t h  s a l i n i t y .  B e d f o r d  (1972)  r e p o r t e d  t h a t  in  t h e  
g r a p s i d  c r a b ,  H e l i c e  c r a s s a  p o t a s s i u m  c o n c e n t r a t i o n  of  h a e m o l y m p h  
i n c r e a s e d  f rom  6 . 0 - 1 2 . 0  mM/1 w h e n  a n i m a l s  w e r e  c h a n g e d  f rom  
f r e s h w a t e r  to s e a  w a t e r .  M c F a r l a n d  a n d  Lee  (1963) a l s o  found  in 
e u r y h a l i n e  p e n a e i d s  P e n a e u s  s e t i f e r u s  a n d  P .  a z t e c u s  t h a t  p o t a s s i u m  
in  s e r u m  w a s  w e l l  r e g u l a t e d  in  b r a c k i s h w a t e r  and  s e a  w a t e r  b u t  
p o t a s s i u m  s l i g h t l y  d e c r e a s e d  w i t h  t h e  d e c r e a s e  in e x t e r n a l  s a l i n i t y .  
T h e  f i n d i n g s  of  t h e  a b o v e  a u t h o r s  a r e  s u p p o r t i n g  t h e  r e s u l t s  of  t h e  
p r e s e n t  s t u d y ,  in w h i c h ,  h i g h e r  mean p o t a s s i u m  l e v e l  in M. 
m o n o c e r o s  ( 5 .8 9 ± 2 .0 3  mg/lOOml)  a n d  P .  i n d i c u s  ( 8 .5 6 + 4 .1 0  mg/lOOml)  
w a s  found  in t h e  m a r i n e  w a t e r  t h a n  t h e  l e v e l  in P .  m onodon  (3 .1 7 ±  
1 .77  mg/IOOml)  a n d  P .  i n d i c u s  ( 2 . 9 8 ± 1 . 0 7  mg/lOOmI) f ro m  t h e  
b r a c k i s h w a t e r  e n v i r o n m e n t .
K e r r  (1969) r e p o r t e d  t h a t  c o p p e r  l e v e l  in h a e m o l y m p h  of  
C a l l i n e c t e s  s a p i d u s  r a n g e d  in  b e t w e e n  5 . 0  a n d  148.0 ; i g / m l  a n d  t h e  
s a m e  s t u d y  r e v e a l e d  t h e  e x i s t e n c e  o f  p o s i t i v e  r e l a t i o n  b e t w e e n  
c o p p e r  l e v e l  a n d  p r o t e i n  c o n t e n t .  Horn a n d  K e r r  ( 1963) g a v e  t h e  
r a n g e  o f  c o p p e r  l e v e l  i n  t h e  h a e m o l y m p h  of  t h e  a d u l t  b l u e  c r a b
C a l l in e c te s  s a p id u s  R a t h b u n  a s  8 .0  to 176 . 0  Arumugam and
R a v i n d r a n a t h  ( 1983) r e p o r t e d  mean t o t a l  c o p p e r  v a l u e  in  t h e  
h a e m o l y m p h  of  S c y l la  s e r r a t a  a s  8 5 . 2 ± 1 0 . 2  j ig /m l .  In t h e  p r e s e n t  
s t u d y  c o p p e r  l e v e l  in t h e  h a e m o l y m p h  w a s  found to r a n g e  f ro m  12 .0  
to 2 6 . 0  p g / m l  in M. m on ocero s;  3 .7  to 16 . 5  p g / m l  in P .  monodon;
10.00 to 2 6 . 0  p g / m l  in P .  in d ic u s  ( m a r i n e  w a t e r ) ;  and  7 .5  to 27. 5  
j ig /m l  in P .  in d ic u s  ( b r a c k i s h w a t e r  p o n d ) .  T h e s e  r e s u l t s  a r e  
s l i g h t l y  l o w e r  t h a n  t h e  r e s u l t s  r e p o r t e d  b y  th e  a b o v e  s a i d  
a u t h o r s .
Mean c o p p e r  l e v e l  w a s  h i g h e r  in M. m onoceros ( 1 6 . 4 ± 3 . 2  
; i g /m l )  a n d  P.  in d ic u s  ( 1 7 . 5 0 ± 3 . 9  ; J g /m l )  from t h e  m a r i n e  w a t e r  
th a n  in  P .  in d ic u s  ( 1 4 . 7 ± 4 . 1  ; J g /m l )  a n d  P .  monodon ( 1 0 . 5 ± 2 . 9  
p g / m l )  f rom  t h e  b r a c k i s h w a t e r  p o n d s .  I t  may b e  a t t r i b u t e d  to t h e  
h i g h  p r o t e i n  c o n c e n t r a t i o n  in t h e  m a t u r e  m a r in e  p r a w n s  M.  
m onoceros a n d  P . in d ic u s  t h a n  in t h e  im m a tu re  b r a c k i s h w a t e r  
p r a w n s ,  P .  in d ic u s  a n d  P .  m onodon. S i m i l a r  r e s u l t s  w e r e  a l s o  
r e p o r t e d  in C a l l in e c t e s  s a p i d u s  b y  Horn a n d  K e r r  ( 1963) who found 
h i g h e r  v a l u e s  in s p o n g e  f e m a l e s  ( 9 3 . 1 5 ± 2 6 . 4 8  p g l m l )  t h a n  in  non ­
s p o n g e  f e m a l e s  ( 8 3 . 8 6 ± 2 8 . 8 3  / i g / m l ) .
No s i g n i f i c a n t  d i f f e r e n c e  w a s  found  b e tw e e n  th e  two s e x e s  
of  P .  monodon a n d  P .  in d ic u s  f ro m  b r a c k i s h w a t e r  p o n d  b u t  
c a r b o h y d r a t e  c o n t e n t  v a r i e d  s i g n i f i c a n t l y  ( P < 0 . 0 2 )  b e t w e e n  t h e  two 
s e x e s  of  M. m on oceros . C a l c iu m  l e v e l  w a s  s i g n i f i c a n t l y  d i f f e r e n t
( P  < 0 .0 5 )  b e t w e e n  t h e  two s e x e s  o f  P .  i n d i c u s  f ro m  m a r i n e  w a t e r .  
F e m a l e s  h a d  h i g h e r  v a l u e s  t h a n  m a l e s  in b o t h  c a s e s .  T h i s  m i g h t  
b e  a t t r i b u t e d  to t h e  d e m a n d s  o f  a c t i v e  m a t u r a t i o n  p r o c e s s  in  
f e m a l e s .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  b y  Horn a n d  K e r r  (1963)  in  
t h e  a d u l t  b l u e  c r a b ,  in w h i c h ,  t h e y  found  t h a t  mean v a l u e s  of  
p r o t e i n  (6 2 .7 0  m g /m l )  a n d  c o p p e r  ( 8 3 . 8 6  / i g / m l )  w e r e  h i g h e r  in 
f e m a l e s  t h a n  t h e  p r o t e i n  ( 5 2 . 3 7  m g / m l )  a n d  c o p p e r  ( 7 0 . 6 5  ^ g / m l )  
v a l u e s  in m a l e s .  T h e  s t u d y  m a d e  b y  B a l a z s  e t  a l .  ( 1 9 7 4 ) ,  in 
f r e s h l y  c a p t u r e d  s p e c i m e n s  a l s o  r e v e a l e d  two f a c t s :
1. mean s e ru m  g l u c o s e  w a s  m o r e  in  t h e  f e m a le s  o f  P .  m a r g i n a t u s  
(38 mg/lOOml) a n d  M. r o s e n b e r g i i  (91 mg/ lOOml)  t h a n  in t h e  
m a l e s  of  P -  m a r g i n a t u s  (13 mg/ lOOmI)  and  M. r o s e n b e r g i i  (75 
mg/ lOOml)
2 .  mean s e ru m  c l a c i u m  l e v e l  w a s  c o n s i d e r a b l y  h i g h e r  in t h e  
f e m a le s  of  P .  m a r g i n a t u s  (65 mg/lOOmI) a n d  M- r o s e n b e r g i i
(88 mg/lOOmI) t h a n  in  t h e  m a l e s  of  P .  m a r g i n a t u s  (61 
. mg/lOOmI) a n d  M. r o s e n b e r g i i  (81 m g/ lO O m I) .
T h e r e  a r e  s i g n i f i c a n t  i n t e r s p e c i f i c  a n d  i n t r a s p e c i f i c  
d i f f e r e n c e s  in t h e  mean v a l u e s  o f  c a r b o h y d r a t e  a n d  p r o t e i n  l e v e l s .  
In b r a c k i s h w a t e r  p o n d ,  P .  i n d i c u s  w a s  h a v i n g  h i g h  l e v e l s  o f  
p r o t e i n  ( 1 2 9 .1 3 ± 3 4 .6 5  m g /m l )  a n d  c a r b o h y d r a t e  ( 3 6 . 5 U 8 . 9 1  mg/lOOmI) 
t h a n  t h e  l e v e l s  o f  p r o t e i n  ( 1 1 2 . 9 U 4 0 . 02 m g /m l )  a n d  c a r b o h y d r a t e  
( 3 0 .9 3 + 1 1 .9 9  mg/lOOmI) in  P .  m o n o d o n .  In t h e  m a r i n e  e n v i r o n m e n t  
P .  i n d i c u s  i s  h a v i n g  m ore  c a r b o h y d r a t e  l e v e l  ( 6 9 .6 2 ± 8 . 9 7  mg/lOOmI)
t h a n  t h e  l e v e l  ( 3 0 . 2 1 r 2 0 . 8 8  m g/ lO O m l)  in  M, m o n o c e r o s .  S i m i l a r  
i n t r a s p e c i f i c  v a r i a t i o n  of  t o t a l  p r o t e i n  in t h e  s e r a  o f  d e c a p o d  
c r u s t a c e a n s  C sill in e c te s  s a p id u s  ( 4 . 3 9  m g / lO O m I) ,  C ancer m a g is ter  
( 4 , 4 5  m g/ lO O m l) ,  C. ir r o r a t u s  ( 5 . 3 9  m g / lO O m I) ,  L ib in ia  em arginata  
( 4 . 1 4  m g / lO O m l) ,  Homarus a m e r ic a n u s  ( 4 . 2 8  mg/lOOmI) w a s  r e p o r t e d  
b y  Leone  ( 1953 ) .  B a l a z s  e t  a l .  ( 1 9 7 4 ) ,  a l s o  r e p o r t e d  v a r i a t i o n  in 
mean s e r u m  g l u c o s e  l e v e l  b e t w e e n  P .  m arginatus (26 tng/lOOml) a n d  
M. r o s e n b e r g i i  (83 m g / 1 0 0 m l ) .  T h e  s t u d i e s  m ade  on th e  b l o o d  and  
m u s c l e  p r o t e i n s  o f  c r a b s  b y  K a n n u p a n d i  a n d  P a u l p a n d i a n  (1975) 
r e v e a l e d  t h e  e x i s t e n c e  o f  v a r i a t i o n  in  p r o t e i n  f r a c t i o n s  o f  c l o s e l y  
r e l a t e d  s p e c i e s .
No s i g n i f i c a n t  d i f f e r e n c e  w a s  found  in c a lc iu m  a n d  
p o t a s s i u m  l e v e l s  b e t w e e n  P .  i n d i c u s  a n d  M. m onoceros in  m a r i n e  
w a t e r  a n d  P .  in d ic u s  a n d  P .  m onodon in  b r a c k i s h w a t e r . T h i s  
m i g h t  b e  d u e  to p o s s e s s i o n  o f  s i m i l a r  i o n i c  r e g u l a t o r y  c a p a c i t y  b y  
t h e s e  t h r e e  s p e c i e s .  Dal i  a n d  S m i t h  (1981)  found  s i m i l a r  p o t a s s i u m  
ion r e g u l a t i o n  among P .  m e r g u ie n s is ,  P .  e s c u le n tu s  a n d  P .  
p l e b e j u s ;  a n d  a l s o  s i m i l a r  c a l c i u m  ion  r e g u l a t i o n  in P .  
m e r g u ie n s is ,  P .  e sc u le n tu s  a n d  M etap en aeu s  b en n e tta e .
P r o t e i n  a n d  c a r b o h y d r a t e  c o n t e n t s  of  P .  in d ic u s  f rom  
m a r i n e  w a t e r  and  o :  P .  i n d i c u s  f ro m  b r a c k i s h w a t e r  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t .  T h i s  m i g h t  b e  d u e  to v a r i a t i o n  in 
p h y s i o l o g i c a l  a c t i v i t y  b e t w e e n  t h e  s u b - a d u l t  a n d  a d u l t  p h a s e s  in 
t h e  l i f e  h i s t o r y  of  P .  in d ic u s .
P r o t e i n  l e v e l  s h o w e d  n e g a t i v e  c o r r e l a t i o n  w i t h  c a r a p a c e  
l e n g t h  a n d  w e i g h t  in  a l l  t h e  t h r e e  s p e c i e s  i r r e s p e c t i v e  of  t h e  
e n v i r o n m e n t .  C a r b o h y d r a t e  c o n t e n t  in h a e m o l y m p h  i s  n e g a t i v e l y  
c o r r e l a t e d  w i t h  c a r a p a c e  l e n g t h  a n d  w e i g h t  in b r a c k i s h w a t e r  and  
s h o w e d  posi t ive  correlat ion w i t h  c a r a p a c e  l e n g t h  ( e x c e p t  in P .  i n d i c u s )  
a n d  w e i g h t  in  m a r i n e  w a t e r .  C a l c iu m  c o n te n t  i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  c a r a p a c e  l e n g t h  a n d  w e i g h t  in b r a c k i s h w a t e r  and  
n e g a t i v e l y  c o r r e l a t e d  w i t h  w e i g h t  in m a r i n e  w a t e r .
P o t a s s i u m  s h o w e d  n e g a t i v e  c o r r e l a t i o n  w i t h  l e n g t h  a n d  w e i g h t  in 
b r a c k i s h w a t e r  a n d  p o s i t i v e  c o r r e l a t i o n  w i t h  l e n g t h  a n d  w e i g h t  in 
m a r i n e  w a t e r .  C o p p e r  s h o w e d  no appareTt^:  c o r r e l a t i o n  w i t h  l e n g t h  
a n d  w e i g h t ,  e x c e p t  in  P .  i n d i c u s  f r o m  b r a c k i s h w a t e r ,  in w h i c h ,  
t h e  r e l a t i o n s h i p  was  p o s i t i v e  ( s i g n i f i c a n t )  w i t h  l e n g t h  a n d  w e i g h t .
C r o p w i s e  c o r r e l a t i o n  c o e f f i c i e n t  o f  h a e m o l y m p h
c h a r a c t e r i s t i c s  in r e l a t i o n  to l e n g t h  a n d  w e i g h t  ( T a b l e  9 and  10) of  
P .  m onodon  a n d  P .  i n d i c u s  h a s  r e v e a l e d  t h a t  r e l a t i o n s h i p  b e tw e e n  
t h e s e  two v a r i a b l e s  v a r y  f ro m  c r o p  to c r o p .  T h i s  m i g h t  b e  d u e  to 
t h e  p r e v a i l i n g  c u l t u r e  c o n d i t i o n s  a n d  a v a i l a b i l i t y  o f  q u a l i t y  of  food  
w h i c h  p l a y  a v e r y  i m p o r t a n t  r o l e  in  t h e  w e l l  b e i n g  of  p r a w n s .  
S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  b y  S t e w a r t  e t  a l .  ( 1 967 ) ,  in t h e  
l o b s t e r  Hom arus  a m e r i c a n u s .  As p e r  t h e i r  s t u d y  p r o t e i n  l e v e l  was  
fo u n d  a f f e c t e d  b y  c h a n g e  in t h e  d i e t ;  s e r u m  p r o t e i n  l i n e a r l y  r e l a t e d  
w i t h  t h e  m u s c l e  p e r c e n t a g e  o f  l i v e  w e i g h t ;  a n d  t h i s  r e l a t i o n s h i p  
w a s  n o t  v a l i d  b e y o n d  m ax im um  v a l u e s  o f  b o t h  v a r i a b l e s  ( a b o v e  55 
m g /m l  f o r  s e ru m  p r o t e i n  a n d  a b o v e  24% o f  l i v e  a n i m a l  f o r  m u sc le
p e r c e n t a g e ) .  S t a t i s t i c a l  s i g n i f i c a n c e  o f  r e l a t i o n s h i p  v a r i e d  w i t h  
t y p e  of  food  g i v e n  in c a p t i v e  a n i m a l s .  In w i l d  a n i m a l s ,  t h e  
o v e r a l l  r e l a t i o n s h i p  w a s  s o u n d  i r r e s p e c t i v e  o f  l o c a t i o n  of  
c o l l e c t i o n ,  s e x  a n d  s e a s o n .  H a g e rm a n  (1983)  c o n d u c t e d  a s t u d y  on 
h a e m o c y a n i n  c o n c e n t r a t i o n  o f  j u v e n i l e  l o b s t e r s  of  H o m a ru s  g a m m a ru s  
in  r e l a t i o n  to f e e d i n g  c o n d i t i o n s  a n d  t h i s  s t u d y  r e v e a l e d  t h a t  
h a e m o c y a n i n  c o n c e n t r a t i o n  h a s  s i g n i f i c a n t l y  d e c r e a s e d  in  s t a r v e d  
a n i m a l s .  H aem ocyan in  c o n c e n t r a t i o n  d i f f e r e d  w i d e l y  in t h e  a n i m a l s  
o f  two g r o u p s  o f  w h i c h  one  g r o u p  w a s  f e d  w i t h  c o m p o u n d e d  p e l l e t  
f e e d  a n d  th e  o t h e r  g r o u p  w i t h  b i v a l v e s .
T h e  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  h a e m o l y m p h  
c h a r a c t e r i s t i c s  a n d  c o n d i t i o n  f a c t o r  o f  P .  monodon a n d  P .  in d ic u s  
r e v e a l e d  no s i g n i f i c a n t  r e l a t i o n  b e t w e e n  two v a r i a b l e s .  As p e r  
a v a i l a b l e  l i t e r a t u r e  s i m i l a r  s t u d i e s  w e r e  n o t  c a r r i e d  o u t  e l s e w h e r e  
f o r  c o m p a r i s o n  w i t h  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y .
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BIO CHEMI CAL C O M P O S I T I O N  O F  MU SCLE IN R E L A T I O N  TO 
S E X ,  S I Z E ,  W EI GH T AND CONDITION FA C T O R
INTRODUCTION
M usc le  in p r a w n s  c o n s t i t u t e s  501 o f  i t s  b o d y  w e i g h t .  T h i s  
p r o p e r t y  of  t h e  p r a w n  c o u p l e d  w i t h  t h e  e x c e l l e n t  f l a v o u r  and  
t a s t e  o f  t h e  m u s c l e  r e n d e r  i t  to b e c o m e  an i t e m  o f  h i g h  c o m m e r c i a l  
i m p o r t a n c e  among t h e  m a r i n e  p r o d u c t s  o f  c o m m e r c e .  T h e  p r a w n s  
a r e  m o b i l e  a n d  d i a d r o m o u s  e x h i b i t i n g  v a r i o u s  b i o l o g i c a l
a n d  p h y s i o l o g i c a l  f e a t u r e s  a s s o c i a t e d  w i t h  l o c o m o t io n ,  s u p p o r t i n g  
e x o s k e l e t o n  a n d  a s  a s t o r a g e  m a t e r i a l  f o r  e n e r g y  r e s e r v e s  l i k e  
p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d .  In n a t u r a l  e n v i r o n m e n t  a s  w e l l  a s  
c u l t u r e  p o n d s ,  p r a w n  f o o d  i s  c o m p o s e d  o f  o r g a n i c  a n d  i n o r g a n i c  
m a t t e r ,  e i t h e r  a v a i l a b l e  in  n a t u r e  o r  g i v e n  a r t i f i c i a l l y .  T h e  
g r o w - o u t  p o n d s  a r e  p o t e n t i a l  r e s e r v e s  of  p r o t e i n ,  c a r b o h y d r a t e  a n d  
l i p i d  w h i c h  a r e  c o n v e r t e d  i n to  m u s c l e ,  t h e  u l t i m a t e  c o m m e r c i a l  
p r o d u c t .  I t  i s  a  w e l l  k n o w n  f a c t  t h a t  m u s c l e  i s  c o m p o s e d  of  
w a t e r ,  o r g a n i c  m a t e r i a l  s u c h  a s  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  
b e s i d e s  i n o r g a n i c  c o m p o n e n t s  l i k e  c a l c i u m ,  p o t a s s i u m ,  c o p p e r ,  e t c .  
M u s c l e  c o m p o s i t i o n  v a r i e s  w i t h  s e x ,  s i z e ,  w e i g h t ,  m a t u r a t i o n  
p r o c e s s ,  m o u l t  c y c l e  a n d  c o n d i t i o n  f a c t o r .
In p e n a e i d  p r a w n s  v a r i a t i o n  in  m u s c l e  c o m p o s i t i o n  in 
r e l a t i o n  to m o u l t  s t a g e  w a s  s t u d i e d  a n d  r e p o r t e d  b y  d i f f e r e n t  
a u t h o r s .  To know t h e  b i o c h e m i c a l  c o m p o s i t i o n  o f  m u s c l e  in  r e l a t i o n  
to s e x ,  s i z e ,  w e i g h t  a n d  c o n d i t i o n  f a c t o r ,  d a t a  w a s  a n a l y s e d  of  
s a m p l e s  o f  a l l  t h e  t h r e e  s p e c i e s ,  c o l l e c t e d  d u r i n g  t h e  c o u r s e  o f
t h e  p r e s e n t  s t u d y .
A p p a n n a  a n d  D e v a d a t t a  (1942)  e s t i m a t e d  n u t r i t i v e  v a l u e s  of  
M etapenaeus s p . ,  P arap en aeu s  s p . and  A c e te s  s p . f rom  B om bay  
c o a s t .  C h a r i  ( 1948) e s t i m a t e d  n u t r i t i v e  v a l u e s  of  Penaeus monodon, 
P a r a p e n a e o p s is  d o b s o n i ,  P e n a e u s  s e m is u lc a tu s  a n d  T r a c h y p e n a e u s  
a s p e r  f rom  C a l i c u t  c o a s t .  G o p a l a k r i s h n a n  (1951)  r e p o r t e d  on 
c h e m i c a l  c o m p o s i t i o n  o f  P e n a e u s  i n d i c u s ,  P .  c a r in a tu s ,  M etapenaeus  
m onoceros a n d  M. d o b so n i  f r o m  M a d r a s  c o a s t .  S h a i k h m a h m u d  and  
M agar  (1957)  c a r r i e d  o u t  s t u d i e s  on b i o c h e m i c a l  c o m p o s i t i o n  of  
P enaeus p e n i c i l l a t u s  , M etapenaeus a f f i n i s ,  P a r a p e n a e o p s is  s t y l i f e r a ,  
H ip p o ly sm a ta  e n s i r o s t r i s  a n d  L eand er  t e n u ip e s  f ro m  t h e  Bombay 
c o a s t ,  B o r g s t r o m  (1962)  r e v i e w e d  t h e  l i t e r a t u r e  on n u t r i t i v e  
a s p e c t s  o f  s h e l l  f i s h .  P i l l a i  a n d  N a i r  (1973)  s t u d i e d  b i o c h e m i c a l  
c h a n g e s  in g o n a d s ,  m u sc l e  a n d  h e p a t o p a n c r e a s  of  Uca a n n u l ip e s ,  
Portunus p e la g ic u s  a n d  M etapenaeus a f f i n i s  d u r i n g  t h e  r e p r o d u c t i v e  
c y c l e .  S u m i t r a  V i j a y a r a g h a v a n  a n d  E a s t e r s o n  (1974)  s t u d i e d
b i o c h e m i c a l  c h a n g e s  a n d  e n e r g y  u t i l i s a t i o n  d u r i n g  e m b r y o n i c  s t a g e s  
o f  t h e  e s t u a r i n e  p r a w n ,  M acrobrach ium  i d e l l a .  Kanazawa e t  a l .  
( 1 9 7 6 ) ,  r e p o r t e d  a b o u t  t h e  v a r i a t i o n  in  l i p i d s  and  c h o l e s t e r o l  
c o n t e n t s  in t h e  t i s s u e s  o f  p r a w n ,  P en aeu s  ja p o n icu s  d u r i n g  th e  
m o u l t  c y c l e .  T e s h i m a  and  K a n a z a w a  (1976)  s t u d i e d  t h e  v a r i a t i o n  in 
l i p i d  c o n t e n t  a n d  f a t t y  a c i d  c o m p o s i t i o n  in f r e s h  w a t e r  s h r i m p ,  
Palaem on p a u c i d e n s  d u r i n g  t h e  m o u l t  c y c l e .  T e s h i m a  e t  a l .  ( 1 9 7 7 ) ,  
s t u d i e d  t h e  v a r i a t i o n  in l i p i d  c l a s s e s  d u r i n g  t h e  m o u l t  c y c l e  of  t h e  
p r a w n  P en aeu s  ja p o n ic u s .  M a r t i n  (1980)  o b s e r v e d  g r o w t h  r a t e s  of
Palaem on s e r r a tu s  f e d  w i t h  ten c o m p o u n d e d  d i e t s  c o n ta i n in g  l i n o l e i c  
a n d  l i  n o l e n i c  a c i d s  in d i f f e r e n t  p r o p o r t i o n s .  C l a r k e  and  W ick ins  
(1980)  s t u d i e d  th e  l i p i d  c o n te n t  a n d  c o m p o s t io n  o f  c u l t u r e d  Penaeus  
m e r g u ie n s is  f e d  w i t h  a n im a l  f o o d .  S e a s o n a l  and  n u t r i t i o n a l  e f f e c t s  
on t h e  f a t t y  a c i d s  o f  t h r e e  s p e c i e s  o f  s h r i m p ,  P enaeus s e t i f e r u s ,  
P .  a z te c u s  a n d  P . duorarum f rom  t h e  G u l f  of  M exico  w e r e  r e p o r t e d  
b y  B o t t in o  e t  a l .  ( 1980) .  S a r o j i n i  e t  a l .  ( 1 9 8 2 ) ,  s t u d i e d  
b i o c h e m i c a l  c h a n g es  in t h e  f r e s h  w a t e r  p r a w n  M acrobrachium  
k i s t n e n s i s -  Raiamani  (1982)  m ade  b i o c h e m i c a l  s t u d i e s  on s o f t  p r a w n s  
of  P en a eu s  in d ic u s  f rom  b r a c k i s h w a t e r  p o n d .  K r i s h n a m o o r t h y  e t  a l .
( 1982) s t u d i e d  t h e  t i s s u e  c h o l e s t e r o l  l e v e l s  in c o m m e r c i a l  s h r i m p  
P en a eu s  a z te c u s  d u r i n g  s t a r v a t i o n  a s  w e l l  a s  a n i m a l s  f e d  w i t h  
d i f f e r e n t  d i e t s .  S r i n i v a s u l u  R e d d y  e t  a l .  ( 1989 ) ,  s t u d i e d  th e  
v a r i a t i o n  in l i p i d  c om pone n t  in t h e  m u s c l e  of  M etapenaeus m onoceros  
a n d  P enaeus in d ic u s  when  a n i m a l s  w e r e  e x p o s e d  to l e t h a l  
c o n c e n t r a t i o n s  of  p h o s p h a m i d o n .
S t u d i e s  on o t h e r  c r u s t a c e a n s  on t h e s e  a s p e c t s  w e r e  m ade  
b y  B a r n e s  e t  a l .  ( 1963) ;  P e a r s e  a n d  G i e s e  ( 1 9 6 6 ) ;  M a u ch l in e  and  
F i s h e r  ( 1969);  T o r r e s  ( 1973);  F e r g u s o n  a n d  R a ym ont  (1 9 7 4 ) ;  C o lv in g  
( 1 9 7 6 ) ;  H a y a s h i  ( 1976) ;  L a w r e n c e  ( 1 9 7 6 ) ;  S te in  a n d  M u r p h y  (1 9 7 6 ) ;  
T a k a h a s h i  a n d  Yamada (1 9 7 6 ) ;  C l a r k e  ( 1 9 7 7 ) ;  J o h n s o n  a n d  H o p k in s  
( 1 9 7 8 ) ;  Ameer  Hamsa (1 9 8 1 ) ;  S h i b a t a  ( 1 9 8 3 ) ;  DuP reez  a n d  M cLach lan  
( 1 9 8 3 ) ;  Anger e t  a l .  (1 9 8 3 ) ;  I w a t a  e t  a l .  ( 1 9 8 3 ) ;  S z a n ia w s k a  
( 1 9 8 3 ) ;  A m s le r  a n d  George  ( 1 9 8 5 ) ;  J a c o b i  and  A nger  ( 1 9 8 5 ) ;  and
A n g e r  ( 1 9 8 6 ) .
RESULTS
S a m p le s  o f  p r a w n  m u s c l e  o f  M. m o n o ce ro s  and  P .  i n d i c u s  
c o l l e c t e d  a t  d i f f e r e n t  t im e s  o f f  V i s a k h a p a t n a m  f rom  th e  t r a w l  
c a t c h e s  w e r e  p o o l e d  s e x w i s e  a n d  t r e a t e d  f o r  t h e  p r e s e n t  s t u d y .  
M u s c l e  s a m p l e s  o f  P .  naonodon a n d  P .  i n d i c u s  f rom  b r a c k i s h w a t e r  
p o n d s  a t  K a k i n a d a  w e r e  c o l l e c t e d  d u r i n g  h a r v e s t  t im e  o f  3 
s u c c e s s i v e  c r o p s  a n d  w e r e  p o o l e d  s e x w i s e  f o r  f u r t h e r  a n a l y s i s .
S a m p le s  o f  M. m o n o c e r o s  h a d  c a r a p a c e  l e n g t h  r an g in g  f rom  
25-37  mm in m a l e s  a n d  23 -50  mm in  f e m a l e s ;  w e i g h t  r a n g e  w a s  7 . 4 -  
2 8 .8  g in  m a l e s  a n d  8 . 3 - 5 8 , 8  g in  f e m a l e s .  P .  monodoD s a m p l e s  
h a d  c a r a p a c e  l e n g t h  r a n g i n g  f rom  25-43  mm f o r  m a le s  and  25-40  mm 
f o r  f e m a l e s ;  w e i g h t  r a n g e  w a s  8 . 5 - 3 8 . 4  g f o r  m a le s  and  8 . 3 - 2 9 . 0  g 
f o r  f e m a l e s .  T h e  s a m p l e s  of  P .  i n d i c u s  f rom  th e  m a r i n e  
e n v i r o n m e n t  h a d  c a r a p a c e  l e n g t h  r a n g i n g  f rom  30-38 mm f o r  m a l e s  
a n d  2 8 - 4 4  mm f o r  f e m a l e s ,  w e i g h t  r a n g e  w a s  1 9 ,0 - 4 0 . 0  g f o r  m a le s  
a n d  1 3 . 3 - 5 0 . 5  g f o r  f e m a l e s .  S a m p l e s  of  P .  in d i c u s  f rom  
b r a c k i s h w a t e r  p o n d s  h a d  c a r a p a c e  l e n g t h  r a n g i n g  f rom  21-32 mm f o r  
m a l e s  a n d  19-34 mm f o r  f e m a l e s ;  w e i g h t  r a n g e  w a s  7 . 3 - 1 9 . 6  g f o r  
m a l e s  a n d  5 . 0 - 2 1 . 5  g f o r  f e m a l e s .  T h e s e  s a m p l e s  w e r e  u s e d  f o r  
t h e  p r e s e n t  s t u d y  on b i o c h e m i c a l  c o m p o s i t i o n  of  m u s c l e .
W a te r  c o n t e n t  in t h e  m u s c l e  w a s  e x p r e s s e d  a s  p e r c e n t a g e  
on w e t  w e i g h t  b a s i s .  P r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  
w e r e  e x p r e s s e d  a s  mg/lOOmg of  d r y  m a t e r i a l .
M uscle  c o m p o s it io n  in  r e la t io n  to s e x
R ange ,  m e a n ,  s t a n d a r d  d e v i a t i o n  a n d  n u m b e r  o f  s p e c i m e n s  
in e a c h  s a m p l e  f o r  e a c h  p a r a m e t e r  in t h e  c a s e  o f  a l l  t h e  t h r e e  
s p e c i e s ,  a r e  g i v e n  s e x w i s e  in  t a b l e  12.  S t u d e n t ' s  ' t '  t e s t  was  
u s e d  f o r  c o m p a r i s o n  of  m e a n s  o f  a l l  p a r a m e t e r s  b e t w e e n  t h e  two 
s e x e s .  T h e  d i f f e r e n c e  - in  e a c h  p a r a m e t e r  b e t w e e n  t h e  two s e x e s  
w a s  c o n s i d e r e d  s i g n i f i c a n t  a t  t h e  5% p r o b a b i l i t y  l e v e l ,
M. m onoceros
No s i g n i f i c a n t  d i f f e r e n c e  w a s  found  in w a t e r ,  c a r b o h y d r a t e  
a n d  l i p i d  c o n t e n t s  b e t w e e n  t h e  two s e x e s  b u t  p r o t e i n  c o n te n t  v a r i e d  
s i g n i f i c a n t l y  ( P  < 0 .0 1 )  b e c a u s e  f e m a l e s  h a d  m o re  p r o t e i n  c o n te n t  
( 6 2 . 5 ± 9 . 4 4  mg/lOOmg) th a n  m a l e s  ( 5 7 . 3 ± 9 . 3 6  m g/ lO O m g) .
P .  monodon
No s i g n i f i c a n t  d i f f e r e n c e  w a s  found  b e t w e e n  t h e  two s e x e s  
in w a t e r ,  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s .
P .  In d ic u s  ( m a r i n e  w a t e r )
D i f f e r e n c e  in w a t e r ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  
b e t w e e n  t h e  two s e x e s  w a s  n o t  s i g n i f i c a n t  b u t  p o r t e i n  c o n te n t  
v a r i e d  s i g n i f i c a n t l y  (P  < 0 . 0 2 )  b e t w e e n  t h e  two s e x e s  a s  the  
f e m a l e s  ( 5 9 .0 8 ± 1 4 .2 3  mg/lOOmg) w e r e  o b s e r v e d  to h a v e  m o r e  than  
t h e  m a l e s  ( 5 1  . 4 5 + 1 1 .9 6  m g / lO O m g) .
P .  in d ic u s  ( b r a c k i s h w a t e r )
No s i g n i f i c a n t  d i f f e r e n c e  w a s  f o u n d  in w a t e r ,  p r o t e i n ,  
c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  b e t w e e n  t h e  two s e x e s .
F ro m  t h e  s t u d y  o f  m u s c l e  c o m p o s i t i o n  in r e l a t i o n  to  s e x ,  
t h e  f o l l o w i n g  f a c t s  h a v e  e m e r g e d :
1. In b r a c k i s h w a t e r  p o n d ,  m u s c l e  c o m p o s i t i o n  of  P .  monodon and  
P .  in d ic u s  w a s  n o t  d i f f e r e n t  s i g n i f i c a n t l y  b e tw e e n  t h e  two 
s e x e s
2 .  In t h e  m a r i n e  e n v i r o n m e n t ,  f e m a l e s  of  M. m onoceros and  
P .  in d ic u s  w e r e  h a v i n g  m o r e  p r o t e i n  c o n t e n t  th a n  m a l e s .  
T h i s  m ay  b e  a t t r i b u t e d  to an a c t i v e  m a t u r a t i o n  p r o c e s s  in 
f e m a l e s  p e r h a p s  d u e  to g r e a t e r  n e e d  to s t o r e  e n e r g y  r e s e r v e s  
in  t h e  m u s c l e  f o r  m o b i l i z i n g  th e m  to t h e  gonad  d u r i n g  
v i t e l l o g e n e s i s .
Cotnparison  o f  m u sc le  c o m p o s i t io n  a t  in tr a  and in te r  s p e c i f i c  l e v e l s
S in c e  t h e  d i f f e r e n c e  in  m u s c l e  c o m p o s i t i o n  b e tw e e n  t h e  two 
s e x e s  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  e x c e p t  p r o t e i n  c o n t e n t  in 
M. m on oceros  a n d  P .  in d ic u s  ( m a r i n e ) ,  t h e  d a t a  o f  m a l e s  a n d  
f e m a l e s  o f  e a c h  s p e c i e s  w a s  p o o l e d  a n d  t r e a t e d  f o r  c o m p a r i s o n  a t  
i n t r a  a n d  i n t e r  s p e c i f i c  l e v e l s .  S t u d e n t ' s  ' t '  t e s t  w a s  e m p l o y e d  to 
f i n d  o u t  s i g n i f i c a n t  d i f f e r e n c e  in  e a c h  p a r a m e t e r  b e tw e e n  t h e  two 
s p e c i e s .  Mean ,  s t a n d a r d  de v ia t iona - j tM um ber  o f  s a m p l e s  a n a l y s e d  f o r  
e a c h  p a r a m e t e r  o f  a l l  t h e  s p e c i e s  s t u d i e d ;  a n d  s i g n i f i c a n c e  o f  t h e  
d i f f e r e n c e  b e t w e e n  two s p e c i e s  in t h e  c a s e  o f  e a c h  p a r a m e t e r  a r e  
g i v e n  in  t a b l e  13.
Mean m u s c l e  c o m p o s i t i o n  o f  a l l  t h r e e  s p e c i e s  i s  s h o w n  in 
f i g u r e  11 on w e t  w e i g h t  b a s i s  a n d  d r y  w e i g h t  b a s i s .  S ince  v a l u e s
o f  p a r a m e t e r s  w e r e  e x p r e s s e d  a s  mg/lOOmg on d r y  w e i g h t  b a s i s ;  
p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  v a l u e s  w e r e  a d d e d  a n d  t h e  s a m e  
v a l u e  w a s  d e d u c t e d  f rom  100 a n d  th e n  t h e  r e m a i n i n g  b a l a n c e  w a s  
c o n s i d e r e d  a s  t h e  i n o r g a n i c  c o m p o n e n t  of  m u s c l e  on d r y  w e i g h t  
b a s i s .  T h e  c o m p o s i t i o n  o f  m u s c l e  on w e t  w e i g h t  b a s i s  s h o w e d w a t e r  
c o n t e n t  a s  p e r c e n t a g e  on w e t  w e i g h t  b a s i s ,  t h e  b a l a n c e  a f t e r  
d e d u c t i n g  w a t e r  p e r c e n t a g e  f ro m  100,  was  d i v i d e d  a m o n g s t  p r o t e i n ,  
c a r b o h y d r a t e ,  l i p i d  a n d  i n o r g a n i c  m a t t e r  a c c o r d i n g  to t h e i r  
p r o p o r t i o n s  on d r y  w e i g h t  b a s i s .
In t h e  m a r i n e  e n v i r o n m e n t  m u s c l e  c o m p o s i t i o n  b e t w e e n  
M. m onoceros and  P .  in d ic u s  w a s  c o m p a r e d .  P r o t e i n  ( P  < 0 . 0 5 ) ,
c a r b o h y d r a t e  {P < 0 . 001)  a n d  l i p i d  ( P  < 0 . 0 0 1 )  c o n t e n t s  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t  w h e r e a s  no s i g n i f i c a n t  d i f f e r e n c e  w a s  fo u n d  
in  w a t e r  c o n t e n t .  P r o t e i n  c o n t e n t  was  m o r e  in  M. m onoceros  
( 5 9 . 3 1 ± 9 . 5 3  mg/IOOmg) t h a n  in  P .  in d ic u s  ( 55 . 51 + 13. 63 m g/lO O m g) .  
C a r b o h y d r a t e  ( 1 . 1 8 ± 0 .4 8  mg/lOOmg) a n d  l i p i d  ( 3 , 7 4 ± 0 . 8 0  mg/lOOmg) 
c o n t e n t s  w e r e  h i g h  in P .  in d ic u s  t h a n  c a r b o h y d r a t e  ( 1 . 6 1 ± 0 . 6 8  
mg/lOOmg) a n d  l i o i d  l e v e l s  ( 3 . 2 6 + 0 . 7 9  mg/lOOmg) in  M. m o n o cero s .
In b r a c k i s h w a t e r  p o n d s ,  w a t e r  (P  < 0 . 0 0 1 ) ,  p r o t e i n  (P <
0 . 0 1 )  a n d  c a r b o h y d r a t e  ( P  < 0 . 05 )  c o n t e n t s  w e r e  d i f f e r e n t  
s i g n i f i c a n t l y  b e t w e e n  P .  monodon a n d  P .  in d ic u s .  L i p i d  l e v e l  d i d  
n o t  s h o w  v a r i a t i o n  b e t w e e n  t h e  two s p e c i e s .  W a te r  ( 76 . 60±2. 0%)  
a n d  c a r b o h y d r a t e  ( 1 . 3 U 0 . 1 7  mg/lOOmg) c o n t e n t s  w e r e  h i g h  in
P .  monodon t h a n  t h e  w a t e r  ( 7 4 . 82± 1 ,82%) a n d  c a r b o h y d r a t e  
( 1 . 2 2 ± 0 , 1 7  mg/IOOmg) c o n t e n t s  in P .  i n d i c u s .  High  p r o t e i n  c o n t e n t  
( 6 4 . 6 8 ± 6 . 4 4  mg/lOOmg) w a s  o b s e r v e d  in P .  in d ic u s  c o m p a r e d  to
P .  monodon ( 5 7 ,9 7 ± 1 0 .8 0  m g / lO O m g) .
M u s c l e  c o m p o s i t i o n  o f  P .  in d ic u s  b e t w e e n  b r a c k i s h w a t e r  and  
m a r i n e  e n v i r o n m e n t  h a s  r e v e a l e d  t h e  f o l l o w i n g  f a c t s :
1. W a te r  c o n t e n t  w a s  h i g h  in  b r a c k i s h w a t e r  ( 7 4 . 82±1.82%) th a n  
in  m a r i n e  w a t e r  ( 7 1 .8 2  + 1 .93% ) .
2 .  P r o t e i n  l e v e l  was  m o r e  in b r a c k i s h w a t e r  ( 6 4 .6 8 ± 6 .4 4
mg/lOOmg) th a n  in m a r i n e  w a t e r  ( 5 5 . 5 U 1 3 . 6 3  mg/lOOmg).
3.  C a r b o h y d r a t e  a n d  l i p i d  l e v e l s  d i d  n o t  v a r y  s i g n i f i c a n t l y .
F rom  t h e  c o m p a r i s o n  o f  m u s c l e  c o m p o s i t i o n  a t  i n t r a  a n d  
i n t e r  s p e c i f i c  l e v e l s  t h e  f o l l o w i n g  f a c t s  h a v e  e m e r g e d .
1, M usc le  c o m p o s i t i o n  v a r i e d  b e t w e e n  M. m onoceros a n d  P-  
in d ic u s  in m a r i n e  e n v i r o n m e n t ;  a n d  in  b r a c k i s h w a t e r  p o n d  
b e t w e e n  P .  monodon a n d  P .  in d ic u s .
2.  High w a t e r  c o n t e n t  w a s  found  in P .  in d ic u s  f rom  
b r a c k i s h w a t e r  p o n d  t h a n  P .  in d ic u s  in  m a r i n e  e n v i r o n m e n t .  
T h i s  m ay  b e  d u e  to d i f f e r e n c e  in t h e  s i z e  of  t h e  p r a w n s  
e x a m i n e d  in  t h e  s a m p l e s  o f  t h e  two e n v i r o n m e n t s .  In s m a l l  
s i z e d  s p e c i m e n s  m ore  w a t e r  c o n t e n t  a n d  l e s s  i n o r g a n i c  a n d  
o r g a n i c  m a t t e r  w a s  r e c o r d e d  in t h e  s a m p l e s  f r o m  t h e
b r a c k i s h w a t e r  p o n d s .
4 .  High p r o t e i n  l e v e l  w a s  o b s e r v e d  in  P ,  in d lc u s  f rom  b r a c k i s h -  
w a t e r  p o n d s  t h a n  in P .  in d ic u s  f ro m  m a r i n e  w a t e r .  T h i s  i s  
d u e  to m a t u r i t y  a n d  i m m a t u r i t y  o f  t h e  s p e c i m e n s  in t h e  m a r i n e  
a n d  b r a c k i s h  w a t e r  e n v i r o n m e n t s  r e s p e c t i v e l y .  Also i t  may b e  
d u e  to a r t i f i c i a l  f e e d i n g  in c u l t u r e  p o n d s .  In n a t u r e ,  p r a w n s  
s t o r e  e n e r g y  in t h e  f o r m  o f  p r o t e i n ,  w h i c h  can b e  m o b i l i z e d  
f ro m  m u s c l e  to o v a r y  o r  t e s t e s  d u r i n g  o o g e n e s i s  a n d  
s p e r m a t o g e n e s i s  r e s p e c t i v e l y .
M u scle  co rn p o s it io a  in r e la t io n  to c a r a p a c e  le n g th
As t h e  p r o t e i n  c o n t e n t  o f  m u s c l e  in  t h e  c a s e  of  m a l e s  a n d  
f e m a l e s  o f  M. m onoceros a n d  P .  in d ic u s  f r o m  m a r i n e  w a t e r  d i f f e r e d  
s i g n i f i c a n t l y ,  a n a l y s i s  of  t h e  d a t a  w a s  m a d e  s e p a r a t e l y  f o r  m a l e s  
a n d  f e m a l e s  to s t u d y  t h e  r e l a t i o n s h i p  b e t w e e n  m u sc l e  c o m p o s i t i o n  
a n d  c a r a p a c e  l e n g t h .  W a t ^ r ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  d i d  
n o t  v a r y  b e t w e e n  t h e  two s e x e s  o f  t h e  two s p e c i e s .  Hence ,  
s a m p l e s  o f  b o t h  s e x e s  w e r e  p o o l e d  f o r  f u r t h e r  a n a l y s i s .  S ince  
m u s c l e  c o m p o s i t i o n  d i d  n o t  v a r y  b e t w e e n  t h e  two s e x e s  o f  P .  
monodon a n d  P .  in d ic u s  f r o m  b r a c k i s h w a t e r  p o n d s ,  d a t a  o f  m a l e s  
a n d  f e m a l e s  on a l l  p a r a m e t e r s  w a s  p o o l e d  f o r  a n a l y s i s  in  t h e  
p r e s e n t  s t u d y .
C o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  t h e  m u s c l e  c o m p o n e n t s  a n d  
c a r a p a c e  l e n g t h  a r e  p r e s e n t e d  in  t a b l e  14.  N um ber  of  s p e c i m e n s  
e x a m i n e d  a n d  l e v e l  o f  s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  b e t w e e n  two 
v a r i a b l e s  a r e  a l s o  show n  in t h i s  t a b l e .
M. m onoceros
W a te r ,  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n te n t s  h a v e  no t  
show n  a n y  r e l a t i o n s h i p  w i th  c a r a p a c e  l e n g t h .
P .  monodon
Water  s h o w e d  p o s i t i v e  r e l a t i o n  w i t h  low c o r r e l a t i o n  (P  
< 0 . 0 5 ) ;  p r o t e i n  d i d  n o t  s how  any  r e l a t i o n ;  w h i l e  c a r b o h y d r a t e  a n d  
l i p i d  s h o w e d  h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  w i th  c a r a p a c e  
l e n g t h .  R e l a t i o n s h i p s  of  c a r b o h y d r a t e  and  l i p i d  l e v e l s  w i t h  
c a r a o a c e  l e n g th  a r e  shown  in f i g u r e  12. R e g re ss io n  l i n e s  w e r e  
d r a w n  b y  fo l low ing  l e a s t  s q u a r e  m e t h o d  f o r  t h e s e  two p a r a m e t e r s .
T h e  r e l a t i o n s h i p s  a r e  e x p r e s s e d  a s  fo l l o w s :
C a r b o h y d r a t e  (mg/lOOmg) = 0 .7814  + 0 ,0166  CL (mm) ( r  = 0 .4923)  
L i p i d  (mg/lOOmg) = 0.  1878 + 0. 1066 CL (mm) ( r  = 0 .7018)
P .  in d ic u s  ( m a r in e  w a t e r )
Wate r  l e v e l  s h o w e d  p o s i t i v e  r e l a t i o n  w i th  low c o r r e l a t i o n  
( P <  0 . 0 5 ) .  P r o t e i n  in m ale s  s h o w e d  w e a k  c o r r e l a t i o n  (P  < 0 .0 2 )  
w h e r e a s  in f e m a le s  no c o r r e l a t i o n  o f  any  s i g i n i f i c a n c e . 
C a r b o h y d r a t e  a l s o  s h o w e d  w eak  c o r r e l a t i o n  (P  < 0 . 0 2 ) ;  w h i l e  l i p i d  
d i d  n o t  s h o w  any r e l a t i o n  of  s i g n i f i c a n c e .
P .  in d ic u s  ( b r a c k i s h w a t e r )
Wate r  and p r o t e i n  d i d  n o t  h a v e  a s i g n i f i c a n t  c o r r e l a t i o n
w i t h  c a r a p a c e  l e n g t h  w h e r e a s  c a r b o h y d r a t e  and  l i p i d  s h o w e d  
p o s i t i v e  a n d  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  c a r a p a c e  l e n g t h .
T h e  p l o t  o f  c a r b o h y d r a t e  a n d  l i p i d  c o n te n t s  a g a i n s t  
c a r a p a c e  l e n g t h  g a v e  r e g r e s s i o n  l i n e s  ( F i g .  12) w h i c h  a r e  e x p r e s s e d  
a s  f o l l o w s :
C a r b o h y d r a t e  (mg/lOOmg) = 0 .7880  + 0 .0159  CL (mm) ( r  = 0 .3700)  
L i p i d  (mg/lOOmg) = 2 .2010  + 0 .0599  CL (mm) ( r  = 0 .3030)
T h e  s t u d y  o f  m u sc le  c o m p o s i t i o n  in r e l a t i o n  to c a r a p a c e  
l e n g t h  w a s  s u m m a r i s e d  a s  b e lo w :
1. No s i g n i f i c a n t  r e l a t i o n  w a s  f o u n d  b e t w e e n  m u s c l e  c o n s t i t u e n t s  
a n d  c a r a p a c e  l e n g t h  of  M. m onoceros a n d  P . in d ic u s  in m a r i n e
w a t e r .
2 .  W ate r  and  p r o t e i n  h a v e  n o t  s h o w n  a s i g n i f i c a n t  r e l a t i o n  b u t  
c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  s h o w e d  s i g n i f i c a n t  p o s i t i v e  
r e l a t i o n  w i t h  c a r a p a c e  l e n g t h  o f  P .  monodon a n d  P .  i n d i c u s  in 
b r a c k i s h w a t e r  p o n d s .  F rom  t h i s  i t  may be  c o n c lu d e d  t h a t  in 
t h e s e  two s p e c i e s ,  i n h a b i t a n t s  o f  b r a c k i s h w a t e r  p o n d s  h a v e  
c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  g e t t i n g  a c c u m u l a t e d  w i t h  t h e
i n c r e a s e  in s i z e .
M u scle  compositLon in  r e la t io n  to th e  w e ig h t
Muscle  c o n s t i t u e n t s  d i d  n o t  s h o w  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  th e  two s e x e s  in a l l  t h e  s p e c i e s  s t u d i e d  e x c e p t  p r o t e i n
c o n t e n t  in M. m onoceros a n d  P .  in d ic u s  i n h a b i t i n g  m a r in e  w a t e r .  
E x c e p t  p r o t e i n  l e v e l  f o r  M. m onoceros and  P .  in d ic u s  ( m a r in e  
w a t e r )  t h e  r e m a in i n g  d a t a  of  t h e  two s e x e s  was  p o o l e d  f o r  f u r t h e r  
a n a l y s i s .  C o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  m u sc le  c o n s t i t u e n t s  and  
w e i g h t  g a v e  t h e  f o l l o w in g  r e s u l t s  ( T a b l e  15) t
M. m onoceros
W ate r ,  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n t e n t s  s h o w e d  no 
s i g n i f i c a n t  c o r r e l a t i o n  w i t h  w e i g h t .
P .  monodon
W ate r  and  p r o t e i n  l e v e l s  s h o w e d  no s i g n i f i c a n t  c o r r e l a t i o n  
w i t h  w e i g h t  w h e r e a s  c a r b o h y d r a t e  a n d  l i p i d  s h o w e d  h i g h l y  
s i g n i f i c a n t  p o s i t i v e  r e l a t i o n  w i t h  w e i g h t .  R e g r e s s i o n  l i n e s  a r e  
f i t t e d  f o r  t h e  s c a t t e r g r a m  of  o b s e r v e d  p o i n t s  o f  c a r b o h y d r a t e  and  
l i p i d  in r e l a t i o n  to w e i g h t  ( F i g .  1 3 ) .  T h e  r e l a t i o n s h i p s  a r e  
e x p r e s s e d  a s  f o l l o w s :
C a r b o h y d r a t e  (mg/lOOmg) = 1 .1619 + 0 .0082  W(g) ( r  = 0 .4384)
L i p i d  (mg/lOOmg) = 2 .5859 ^ 0 .0543  W(g) ( r  = 0 .6 2 9 0 )
P .  i n d i c u s  ( m a r in e  w a t e r )
Wate r  s h o w e d  p o s i t i v e  c o r r e l a t i o n  ( P  < 0 . 0 1 )  w i t h  w e i g h t .  
P r o t e i n  in b o t h  m a le  (P  < 0 .0 1 )  a n d  f e m a le  ( P  < 0 .0 0 1 )  s h o w e d  
p o s i t i v e  c o r r e l a t i o n ,  w h i l e  c a r b o h y d r a t e  s h o w e d  w e a k  c o r r e l a t i o n  ( P <
0 . 0 5 )  a n d  l i p i d  d i d  n o t  s how  any  s i g n i f i c a n t  r e l a t i o n s h i p .
P . in d ic u s  ( b r a c k i s h w a t e r )
Wate r  and p r o t e i n  d i d  n o t  s h o w  any  s i g n i f i c a n t  c o r r e l a t i o n  
w i t h  w e i g h t  w h e r e a s  c a r b o h y d r a t e  ( P < 0 . 0 1 )  and  i i o i d  ( P - ^ O .O O l )  
s h o w e d  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n  w i t h  w e i g h t .
R e g r e s s i o n  l i n e s  sh o w in g  t h e  r e l a t i o n s h i p s  of  c a r b o h y d r a t e  
a n d  l i p i d  w i t h  w e i g h t  ( F i g .  13) a r e  e x p r e s s e d  a s  f o l l o w s :
C a r b o h y d r a t e  (mg/lOOmg) = 1.0577 + 0 .0117  W(g) ( r  = 0 .3188)
L i p i d  (mg/lOOmg) = 2 .5675  + 0 .0902  W(g) ( r  = 0. 5298)
T h e  r e s u l t s  o f  t h e  s t u d y  o f  m u sc l e  c o m p o s i t i o n  in r e l a t i o n  
to w e i g h t ,  may b e  s u m m a r i s e d  a s  f o l l o w s :
1. In t h e  m a r i n e  e n v i r o n m e n t ,  w a t e r ,  p r o t e i n  and  c a r b o h y c r a t e  
c o n te n t s  of P . in d ic u s  s h o w e d  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
w h i l e  in M. m onoceros t h e  s a m e  m u sc le  c o n s t i t u e n t s  h a v e  not  
shown  any  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  w e i g h t .
2 , In P .  monodon and  P .  in d ic u s  f rom  b r a c k i s h w a t e r  p o n d s ,  
c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  i n c r e a s e d  w i t h  w e i g h t .
M uscle  com p osit ion  in r e la t io n  to c o n d it io n  fa c to r
P h y s i o l o g i c a l  s t a t e  o f  t h e  p r a w n  a s  i n d i c a t e d  b y  th e  
a v a i l a b i l i t y  of e n e r g y  r e s e r v e s  in m u s c l e  f o r  m e t a b o l i s m  can be  
a s s e s s e d  b y  an i n d e x  of  t h e  c o n d i t i o n  of  t h e  p r a w n  a s  m e a s u r e d  b y  
t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p .  C o n d i t i o n  f a c t o r  g i v e s  a m e a s u r e  of  
t h e  d e v i a t i o n  of  t h e  w e i g h t  o f  an i n d i v i d u a l  from t h e  a v e r g e  fo r  a
g i v e n  l e n g t h  ( Le C r e n ,  1951) .  High a n d  low c o n d i t i o n  f a c t o r s  a r e  
i n d i c a t i o n s  r e s p e c t i v e l y  of h e a l t h y  a n d  u n h e a l t h y  c o n d i t i o n s  of  t h e  
p r a w n s .  T h e  i n f l u e n c e  of  t h e  c o n s t i t u e n t s  l i k e  w a t e r ,  p r o t e i n ,  
c a r b o h y d r a t e  and l i p i d  on c h a n g e s  in c o n d i t i o n  of  t h e  p r a w n  a r e  
s t u d i e d  t h r o u g h  t h e  r e l a t i o n s h i p s  b e tw e e n  m u sc l e  c o n s t i t u e n t s  on t h e  
one  h a n d  a n d  c o n d i t i o n  f a c t o r  on t h e  o t h e r  h a n d .  T h e  r e s u l t s  a r e  
p r e s e n t e d  b e lo w .
M a tu ra t io n  i n f l u e n c e s  t h e  c o n d i t i o n  of  the  p r a w n .  To a v o i d  
t h e  e f f e c t  of  m a t u r i t y  on th e  w e i g h t  of  t h e  p r a w n ,  on ly  im m a tu r e  
p r a w n s  of  P .  monodon and  P .  i n d i c u s  f rom  b r a c k i s h w a t e r  w e r e  
s e l e c t e d .  T h e s e  two s p e c i e s  do  n o t  a t t a i n  m a t u r i t y  in
b r a c k i s h w a t e r  p o n d s .  M ig ra t ion  to t h e  s e a  i s  an e s s e n t i a l  p h a s e  in 
t h e i r  l i f e  h i s t o r y  f o r  f u r t h e r  m a t u r a t i o n  a n d  s p a w n i n g .  Data  on t h e  
s e x e s  w e r e  p o o l e d  f o r  s t a t i s t i c a l  a n a l y s i s .
T h e  amount o f  a c om pone n t  in t h e  m u sc le  o f  t h e  p r a w n  
v a r i e s  w i t h  s i z e  of  t h e  p r a w n .  In t h e  s t u d y  o f  e f f e c t  of  b o d y  
c o n s t i t u e n t s  on c o n d i t i o n  of  t h e  p r a w n ,  c o r r e c t i o n s  m u s t  be  m ade  
f o r  v a r i a t i o n  in s i z e  of p r a w n .  Such  c o r r e c t i o n s  w e r e  m ade  
f o l l o w i n g  t h e  m e t h o d  o f  Cau l ton  a n d  B u r s e l l  (1977) f o r  " e s t i m a t i o n  
o f  t h e  ' s i z e  s o e c i f i C  q u a n t i t y  of  e a c h  c o n s t i t u e n t  i . e . ,  t h e  m ass  of  
a n y  c o r | t i t u e n t  t h a t  a  p r a w n  of  a g i v e n  s i z e  w ou ld  c o n t a i n " .  
A v e r a g e  c a r a o a c e  l e n g t h  of  t o t a l  p r a w n s  u s e d  in t h i s  s t u d y  w a s  
t a k e n  a s  a s t a n d a r d  f o r  e a c h  s p e c i e s  f o r  p u r p o s e s  o f  c o m p a r i s o n .  
^ , 3 c l e  com oonen t  o f  e a c h  i n d i v i d u a l  p r a w n  was  c o r r e c t e d  to t h e
s t a n d a r d  c a r a p a c e  l e n g t h  ( a v e r a g e )  f o r  t h e  p r a w n  a n d  th e  m e th o d  of  
c o r r e c t i o n  w a s  a p p l i e d  a s  e x p l a i n e d  b e l o w :
I n i t i a l l y  r e g r e s s i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  f o r  t h e  
e x p o n e n t i a l  r e l a t i o n s h i p  b e t w e e n  b o d y  c o n s t i t u e n t s  and  c a r a p a c e  
l e n g t h  o f  P .  monodon a n d  P .  in d ic u s  b y  l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  
t h e  v a l u e s  of  w a t e r ,  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  c o n te n t s  
( m u s c l e  c o m p o n e n t s )  a n d  l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  t h e  v a l u e s  of  
c a r a p a c e  l e n g t h  to o b t a i n  a s t r a i g h t  l i n e  r e l a t i o n s h i p .  T h e  l e a s t  
s q u a r e  t e c h n i c u e  w a s  a d o p t e d .  T h e n  t h e s e  l i n e a r  r e g r e s s i o n s  w e r e  
t r a n s f o r m e d  in to  e x p o n e n t i a l  f o r m s .
W ate r  and p r o t e i n  w e r e  m e a s u r e d  to t h e  n e a r e s t  0 .1  g w h i l e  
c a r b o h y d r a t e  and  l i p i d  w e r e  m e a s u r e d  to t h e  n e a r e s t  1 mg. T he  
l i n e a r  e q u a t i o n s  a n d  t h e i r  e x p o n e n t i a l  f o r m s  f o r  t h e  r e l a t i o n s h i p s  
b e t w e e n  a l l  t h e  m u s c l e  c o m p o n e n t s  a n d  c a r a p a c e  l e n g t h  a r e  a s  
f o l l o w s :
P .  monodon
Log w a t e r  = -2  .7425 + 2.  5730 lo g  CL ( r  = 0 .9 034 )
W ate r  (g) -  0 ,001809  CL
Log p r o t e i n  = - 3 . 4 0 5 5  + 2£068 lo g  CL ( r  = 0 .8 2 1 6 )
P r o t e i n  (g) = 0 .00039  CL
Log c a r b o h y d r a t e  = - 1 . 4 6 6 9  + 2 .1 1 8 2  log CL ( r  = 0. 6370)
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C a r b o h y d r a t e  (mg)  = 0 .034127  CL
Log l i p i d  -  - 2 . 7 7 2 3  + 3 .2 7 9 4  lo g  CL ( r  = 0 .8 6 5 4 )
3 .2 7 9 4
Lipid (mg) = 0 ,001689  CL
p .  i n d i c u s
Log w a t e r  = -2  .7127 + 2.  5880 log CL ( r  = 0 .9774)
W ate r  (g) = 0 .001937
Log p r o t e i n  = -2 .9 6 3 1  + 2 .3014  log CL ( r  = 0 .9541)
P r o t e i n  (g) = 0 .001088  CL^*^'^^'^
Log c a r b o h y d r a t e  = - 2 .4 3 2 5  + 2 .8135  log CL ( r  = 0,9393) 
C a r b o h y d r a t e  (mg) = 0 .003694 C L ^ ‘ ^^^^
Log l i p i d  = - 2 .3 1 3 9  + 3 .0735  lo g  CL ( r  = 0 .8927)
U p i d  (mg) = 0 .004854
T h e  q u a n t i t y  of  e a c h  c o m p o n e n t  in e a c h  i n d i v i d u a l  p r aw n  
w a s  c o r r e c t e d  to t h e  c h o s e n  s t a n d a r d  c a r a p a c e  l e n g t h  us ing  the  
f o r m u l a :
S.1 CL^
s t d
CL
w h e r e
1
CL
= c o r r e c t e d  c o n s t i t u e n t  l e v e l  to s t a n d a r d  l e v e l  
= c o n s t i t u e n t  l e v e l  of  i n d i v i d u a l  p r a w n  
= c a r a p a c e  l e n g t h  o f  t h e  s t a n d a r d  p r a w n
s t d
( 31 . 6737 mm f o r  P .  monodon a n d  26 .9463 mm f o r  P .  in d ic u s )  
b -  r e g r e s s i o n  e x p o n e n t  v a l u e  of  c o n c e r n e d  p a r a m e t e r
C o r r e c t e d  v a l u e s  o f  a l l  t h e  c om pone n t s  in  e a c h  i n d i v i d u a l  
p r a w n  s t a n d a r d i s e d  w i t h  r e g a r d  to c a r a p a c e  a r e  p l o t t e d  
c o r r e s p o n d i n g  to t h e  c o n d i t i o n  f a c t o r  a s  a s c a t t e r g r a m  of  X, Y
c o o r d i n a t e s .  C ond i t ion  f a c t o r  of  e a ch  D r a w n  c a i c ^ i a ' . e d  b v
u s in g  t h e  forrr.ula g iv en  bv Le Cren  (1951) :
Kn = 1000 W/CL^ 
w h e r e  W  ^ w e i g h t  o:  i n d i v i d u a l  p r a w n  (g)
CL -  c ? . rapace  l eng th  of  t h e  p r a w n  (mm)
b - r e g r e s s i o n  e x p o n e n t  va lue  of  c a r a o a c c  l e n g t h - x e i g h t  
r e l a t i o n s n iD  (b  = 2 . 5363 fo r  P ,  i n d i c u s  and  2.6304 
fo r  P . rDonodon)
Since the  r e l a t i o n s h i p s  b e tw e e n  the  m usc le  comoonents  and 
c o n d i t i o n  f a c t o r  a p p e a r s  to be  l i n e a r ,  no l o g a r i t h m ic  t r a n s fo r m a t io n  
of  t h e  d a t a  was n e c e s s a r y  to a p p l y  the  l e a s t  s q u a r e  m e t h o d .  The  
c o r r e l a t i o n  c o e f f i c i e n t s  and the  s i g n i f i c a n c e  of  the  r e l a t i o n  be tw een  
e a c h  m u sc le  component  and c o n d i t i o n  f a c t o r  fo r  P . monodon and  
P . in d ic u s  a r e  g iv e n  in t a b l e  16. The  p o s i t i v e  r e l a t i o n s h i p s  
b e t w e e n  m usc le  components  and  c o n d i t i o n  f a c t o r  w e r e  found to be  
h i g h l y  s i g n i f i c a n t  in P .  monodon a n d  P . in d ic u s .  T h e  r e l a t i o n s h i p s  
b e t w e e n  w a t e r ,  p r o t e i n ,  c a r b o h y d r a t e  and  l i p i d  l e v e l s  and cond i t ion  
f a c t o r  f o r  P . monodon and P . in d ic u s  a r e  shown in f i g u r e s  14 and 
15. Al l  c o n s t i t u e n t s  of m usc le  show ed  a l i n e a r  r e l a t i o n s h i D  w i th  
c o n d i t i o n  f a c t o r  in t h e s e  two s p e c i e s .
T he  d e r i v e d  e q u a t io n s  fo r  t h e  r e l a t i o n s h i p s  be tw een  b o d y  
c o n s t i t u e n t s  and co n d i t io n  f a c t o r  of  P- monodon and  P . in d icu s  a r e  
a s  f o l l o w s :
P .  monodon
W a te r  (g )  ^ 0 .8258  + 6 .3764  K ( r  = 0 .9924 ;  n = 34)
P r o t e i n  (g)  = 0 .7739  + 0 .7932  K ( r  = 0 .5 6 5 2 ;  n = 34) 
C a r b o h y d r a t e  (mg)  = 0 ,0194  + 0 .0 1 7 2  K ( r  = 0.  5552;  n = 34) 
L i p i d  (mg)  = - 0 . 0 0 7 5  + 0 .0787  K ( r  = 0 .6 9 4 0 ;  n = 34)
P .  i n d i c u s
W a te r  (g )  = - 0 . 4 2 9 6  + 3 .3260  K ( r  = 0 .9 7 5 6 ;  n = 44)
P r o t e i n  (g)  = 1 .0332  + 0 .3623  K ( r  = 0 .4336 ;  n = 44) 
C a r b o h y d r a t e  (mg)  = 0 .0041  + 0 .0 1 1 3  K ( r  = 0 .5517 ;  n = 44) 
L i p i d  (mg)  = - 0 . 0 3 5 0  + 0 .0524  K ( r  = 0 .5 7 1 7 ;  n = 44)
From  t h e  s t u d y  of  b o d y  c o m p o s i t i o n  in r e l a t i o n  to c o n d i t i o n  
f a c t o r  i t  h a s  b e e n  found  t h a t  m u s c l e  c o m p o n e n t s  l i k e  w a t e r ,  p r o t e i n ,
c a r b o h y d r a t e  a n d  l i p i d  a r e  p o s i t i v e l y  r e l a t e d  w i t h  c o n d i t i o n  f a c t o r  
a n d  t h a t  a l l  t h e  m u s c l e  c o m p o n e n t s  a r e  c o n t r i b u t o r y  f a c t o r s  to t h e  
i n c r e a s i n g  w e i g h t  w i t h  g r o w t h  o f  P» monodon a n d  P .  i n d i c u s  i n  
b r a c k i s h w a t e r  p o n d s .
DISCUSSION
In t h e  p r e s e n t  s t u d y  th e  w a t e r  c o n te n t  of  i n d i v i d u a l  p r a w n s  
w a s  found to r a n g e  from 61 .4  to 81.9% in M. monoceros: 72 .20  to 
80.66% in P .  monodon; 67 .78  to 77.65% in P . in d icu s  ( m a r i n e  
w a t e r ) ;  70 .80 to 79.30% in P . in d ic u s  ( b r a c k i s h w a t e r ) . A ppanna  
a n d  D e v a d a t t a  ( 1942) r e p o r t e d  m o i s t u r e  c o n te n t  b e tw e e n  72.60% a n d  
75.30% f o r  Bombay p r a w n s  (M etapenaeus s d . , Parapenaeus s p . ,  
P arap en aeu s  s p . a n d  A cetes  s p . ) . G o p a l a k r i s h n a n  (1951) o b s e r v e d  
w a t e r  p e r  c e n t  of Penaeus in d ic u s .  P .  c a r in a tu s ,  M etapenaeus  
m onoceros and  M. d o b so n i from M a d r a s  c o a s t  in b e tw e e n  72.67% a n d  
77.54%. Wate r  c o n te n t  v a l u e s  r e p o r t e d  b y  S h a ik h m a h m u d  a n d  Magar 
( 1957) fo r  Bombay p r a w n s  (P en aeu s  p e n ic i l la t u s ,  M etapenaeus  
a f f i n i s ,  P a r a p e n a e o p s is  s t y l i f e r a ,  H ip p o lysm ata  e n s ir o s t r i s  a n d  
L ea n d er  ten u ip es )  w e r e  in b e tw e e n  67.5% and  80.6%. P i U a y  a n d  
N a i r  ( 1973) r e p o r t e d  w a t e r  c o n te n t  r a n g e  of  M etapenaeus a f f in i s  to 
b e  f rom  63.5% to 75.6%. Ameer  Hamsa (1981) r e p o r t e d  a v e r a g e  
m o i s t u r e  c o n te n t  in t h e  m u sc le  o f  m a le s  a n d  f e m a le s  of  Portunus  
p e la g ic u s  to b e  68.64% and  79.87% r e s p e c t i v e l y .  Du P r e e z  a n d  
M c L ach lan  ( 1983) g a v e  w a t e r  c o n te n t  r ange  f rom  67 .86% to 82.51% m  
t h e  t h r e e  s p o t  swimming c r a b  O v a lip e s  p u n cta tu s .  T h e  w a t e r  
c o n t e n t  v a l u e s  o b s e r v e d  in t h e  p r e s e n t  s t u d y  a r e  in a g re e m e n t  w i t h  
t h e  v a l u e s  r e p o r t e d  b y  th e  o t h e r  a u t h o r s  who w o r k e d  on p e n a e i d
p r a w n s  and o t h e r  c r u s t a c e a n s .
T h e  d i f f e r e n c e  in w a t e r  c o n te n t  be tw e en  th e  two s e x e s  of  
a l l  t h e  t h r e e  s p e c i e s  was n o t  s i g n i f i c a n t .  S i m i l a r  r e s u l t  was  a l s o  
f ound  in c r a y f i s h ,  O rconectes p r o p in q u u s  by  Ste in  and M u rp h y  
( 1 9 7 6 ) .  No s i g n i f i c a n t  d i f f e r e n c e  in w a t e r  c o n te n t  was  found 
b e t w e e n  M. m onoceros and  P .  in d ic u s  in m a r i n e  e n v i ro n m e n t  b u t  
i n t e r s p e c i f i c  d i f f e r e n c e  in w a t e r  c o n te n t  was  o b s e r v e d  b e tw e e n  
P .  monodon a n d  P . in d icu s  f rom  a b r a c k i s h w a t e r  p o n d ,  w h e r e  w a t e r  
c o n t e n t  was  m ore  in P . monodon ( 7 6 .6 0  ± 2.0%) than  (74 .82  ± 1.82%) 
i n  P . in d ic u s .  T h e  d i f f e r e n c e  in w a t e r  c o n te n t  be tw e en  th e  two 
s p e c i e s  in b r a c k i s h w a t e r  p o n d  w a s  a t t r i b u t e d  to a c cum ula t ion  o f  
o r g a n i c  and  i n o r g a n i c  m a t t e r  w h i c h  d e p e n d s  upon th e  q u a l i t y  and  
q u a n t i t y  of  t h e  food  a v a i l a b l e  o r  s u p p l i e d  d u r i n g  r e a r i n g  p e r i o d .  
F ood  p r e f e r e n c e s  v a r y  be tw e en  t h e  two s p e c i e s .  Food s t u d i e s  d o n e  
b y  Rao ( 1967) a l s o  h a v e  r e v e a l e d  t h a t  food  of  a n im a l  o r ig in  f o r m e d  
22.35% in P .  in d ic u s  and  40.77% in P . monodon. H ow ever ,  Hal l  
( 1962) b a s e d  on h i s  s t u d i e s ,  a c c o r d i n g  to food  p r e f e r e n c e s ,  d i v i d e d  
31 s p e c i e s  of  p e n a e i d  p r a w n s  in to  s i x  g r o u p s  w h e r e  P . monodon a n d  
P .  in d ic u s  w e r e  c l a s s i f i e d  in one  g roup  w h i c h  f e e d  m a in ly  on l a r g e  
c r u s t a c e a n s .
P .  in d ic u s  in m a r in e  e n v i r o n m e n t  was  h a v i n g  l e s s  w a t e r  
c o n t e n t  ( 7 1 .8 2  ± 1.93%) than  in P .  in d ic u s  (74 .82  ± 1.82%) of  
b r a c k i s h w a t e r  p o n d .  T h i s  may  b e  a t t r i b u t e d  to t h e  e x i s t e n c e  of  
a ge  d i f f e r e n c e  b e tw e e n  the  two p o p u l a t i o n s .  In t h e  b r a c k i s h w a t e r  
p o n d  th e  s i z e  r a n g e  and w e i g h t  r a n g e  of  P .  in d ic u s  was 19-34 mm
c a r a p a c e  l e n g th  and 5 . 0 - 2 1 . 5  g w e i g h t  w h e r e a s  in m a r i n e  
e n v i r o n m e n t  t h e  l e n g th  range  was  28-44  mm(CL) w e ig h in g  1 3 . 3 - 5 0 . 5  g.  
S te in  and  M urp h y  ( 1976 ) a l s o  found m ore  w a t e r  c o n te n t  in j u v e n i l e s  
t h a n  in a d u l t s  of  c r a y f i s h ,  O rconectes  p r o p in q u u s  b e c a u s e  of  
a c cu m u la t io n  of  o r g a n ic  and i n o r g a n i c  m a t t e r  w i t h  i n c r e a s e  in s i z e  
a n d  h e n c e  w e i g h t .
In t h e  p e n a e i d  p r a w n s ,  p r o t e i n  i s  t h e  m a j o r  c o n s t i t u e n t  of  
t h e  m u sc le  w h i c h  c o n t r i b u t e s  m ore  than  h a l f  of  t h e  t o ta l  q u a n t i t y .  
D ur ing  the  p r e s e n t  s t u d y  i t  w a s  o b s e r v e d  t h a t  i n d i v i d u a l  v a r i a t i o n  
i s  v e r y  h ig h  in p r o t e i n  l e v e l .  P r o t e i n  c o n te n t  r a n g e d  from 36 .0  to 
80 .0 m g /1 0 0 m g  in M. m onoceros; 36 .0  to 8 6 .0  mg/lOOmg in P .  
monodon; 36 .0  to 78 .0  mg/lOOmg in P .  in d ic u s  ( m a r i n e )  and  5 3 .0  to
7 4 . 0  mg/lOOmg in P . in d ic u s  ( b r a c k i s h  w a t e r ) .  S i m i l a r  v a r i a t i o n  of  
p r o t e i n  c o n te n t  was  r e c o r d e d  in p e n a e i d  p r a w n s  a s  w e l l  a s  in o t h e r  
c r u s t a c e a n s  b y  s e v e r a l  o t h e r  w o r k e r s .  S h a i k h m a h m u d  and  M agar  
(1957)  r e p o r t e d  a v e r a g e  p r o t e i n  c o n te n t  on d r y  w e i g h t  b a s i s  b e tw e e n  
51.3% and 66.1% f o r  Penaeus p e n i c i l la t u s ,  M etapenaeus a f f i n i s ,  
paxap Bnaeop s i s  s t y l i f e r a ,  H ip p o lysm ata  e n s i r o s t r i s  and  L eander  
t e n u ip e s .  P i l l a y  and  Na ir  ( 1973) g a v e  m o n th l y  a v e r a g e  p r o t e i n  
c o n t e n t  to r a n g e  from 43.04 to 66 .84  mg/lOOmg f o r  f e m a le  M. a f f i n i s .  
J o h n s o n  and  Hopk ins  ( 1978) r e p o r t e d  m o n th ly  p r o t e i n  c o n te n t  to 
r a n g e  from 55 .4  to 58.2% in t h e  m y s i d  s h r i m p  T a p h r o m y s is  bow m ani.  
Du P r e e z  and  McLachlan ( 1983) r e p o r t e d  m o n th l y  mean p r o t e i n  
v a r i a t i o n  in b e tw e e n  30.75% a n d  44.59% f o r  t h e  t h r e e  s p o t  swimm ing
c r a b ,  O v a lip e s  p u n cta tu s . F e r g u s o n  and  Raym ont  ( 1974) g a v e  the  
p r o t e i n  c o n te n t  r an g e  from 2 6 .6  to 66.6% on d r y  w e i g h t  b a s i s  t o r  
E u p h au sia  su p e r b a .
P r o t e i n  c o n te n t  d i d  n o t  v a r y  s i g n i f i c a n t l y  b e tw e e n  s e x e s  of  
P .  monodon a n d  P . in d ic u s  in b r a c k i s h  w a t e r  p o n d  w h e r e a s  i t  
d i f f e r e d  s i g n i f i c a n t l y  b e tw e e n  s e x e s  in P . in d ic u s  and  M. m onoceros  
f r o m  t h e  m a r i n e  e n v i r o n m e n t .  In b o t h  t h e  s p e c i e s ,  f e m a le s  
c o n t a i n e d  m ore  p r o t e i n  c o n te n t  t h a n  m a l e s .  T h i s  may be  a t t r i b u t e d  
to t h e  o n s e t  of  f u l l  f l e d g e d  m a t u r a t i o n  in t h e  m a r in e  w a t e r s .  
F e m a l e  r e q u i r e s  more  p r o t e i n  f rom  m u sc le  f o r  t h e  b u i l d  up of  
g o n a d  d u r in g  v i t e l l o g e n e s i s . In o r d e r  to m e e t  t h e  d em and  of  the  
gonad  m ore  p r o t e i n  i s  s t o r e d  in t h e  m u s c l e .  S i m i l a r  t r e n d  was  a l s o  
o b s e r v e d  in t h e  t h r e e  s p o t  s w im m ing  c r a b ,  O v a lip e s  p u n cta tu s  b y  
Du P r e e z  a n d  McLachlan (1983)  w h e r e  b u i l d  up of  p r o t e i n  was  
o b s e r v e d  in t h e  f em ale  b e f o r e  t h e  main  b r e e d i n g  p e r i o d .  B a rne s  
e t  a l .  ( 1963) ,  a l s o  found s i m i l a r  k i n d  of  a s s i m i l a t i o n  a n d  s t o r a g e  
o f  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  in  t h e  lo o s e  c o n n e c t iv e  t i s s u e  of  
B alanus b a la n o id e s  and  B . b a la n u s  d u r i n g  s p r i n g  m o n th s ,  a s  t h e y  
w e r e  found to f e e d  on t h e  s p r i n g  d i a t o m  w h i c h  was  m o s t  a b u n d a n t .  
T h e s e  r e s e r v e s  a r e  o b v i o u s l y  u s e d  f o r  g o n a d a l  d e v e l o p m e n t  w h i c h
l a s t s  f o r  a long  t im e .
S i g n i f i c a n t  d i f f e r e n c e s  w e r e  a l s o  found  in p r o t e i n  l e v e l  a t  
. n t r a  a n d  i n t e r -  s o e c i f i c  l e v e l s .  In m a r i n e  w a te r ,  M. m onoceros
c o n t a i n e d  m ore  p r o t e i n  ( 5 9 .3 1  ± 9 .5 3  mg/lOOmg) th a n  P .  i n d i c u s  
( 5 5 .5 1  ± 13 .63  mg/lOOmg) and  in b r a c k i s h w a t e r  p o n d ,  P .  i n d i c u s  
w a s  h a v i n g  m o re  p r o t e i n  c o n te n t  (6 4 .6 8  ± 6 .44  mg/lOOmg) than  t h e  
p r o t e i n  l e v e l  (5 7 .9 7  ± 10 .80 mg/lOOmg) of  P .  monodon.  S i m i l a r  
d i f f e r e n t i a l  p r o t e i n  l e v e l s  w e r e  r e p o r t e d  b y  o t h e r  a u t h o r s .  
S h a i k h m a h m u d  a n d  Magar  ( 1957) r e p o r t e d  d i f f e r e n c e  in p r o t e i n  
c o n t e n t  among P e n a e u s  p e n i c i l l a t u s ,  M e ta p e n a eu s  a f f m i s ,
P a r a p e n a e o p s i s  s t y l i f e r a ,  H i p p o l y s m a t a  e n s i r o s t r i s  and  L e a n d e r  
t e n u i p e s .  T h o m a s  ( 1982) e l e c t r o p h o r e t i c a l l y  s e p a r a t e d  p r o t e i n  
f r a c t i o n s  of a b d o m i n a l  m u sc le  of  f o u r  p e n a e i d  p r a w n s .  I t  r e v e a l e d  
d i f f e r e n c e s  in p r o t e i n  s t r u c t u r e  in t h e  m u s c l e s  o f  P .  i n d i c u s ,  M. 
d o b s o n i ,  M, m o n o c e r o s  and  M. a f f i n i s .  K annupand i  a n d  P a u l p a n d i a n
(1975)  s t u d i e d  th e  m u sc l e  p r o t e i n s  of  O c y p o d a  p l a t y t a r s u s ,  O. 
m a c r o c e r a ,  Uca a n n u l i p e s ,  U. t r i a n g u l a r i s ,  T h a l a m i t a  c r e n a t a .  S c y l l a  
s e r r a t a  and  C a r d i s o m a  c a r n i f e x .  T h e y  a l s o  found  t h a t  t o t a l  
p r o t e i n s  in m u s c l e  c l e a r l y  s h o w e d  s p e c i e s  s p e c i f i c i t y .
In t h e  p r e s e n t  s t u d y  i t  h a s  been  found  t h a t  P .  i n d i c u s  in 
b r a c k i s h w a t e r  p o n d  h a d  m o re  p r o t e i n  c o n te n t  (64 .68  ± 6 .4 4  
mg/lOOmg) t h a n  in t h e  m a r i n e  w a t e r s  ( 5 5 .5 1  ± 13 .63  m g/lOOmg).  
T h i s  m i g h t  b e  d u e  to o n s e t  o f  m a t u r i t y  in m a r i n e  w a t e r  w h e r e  t h e  
p r a w n  h a s  to m o b i l i z e  e n e r g y  r e s e r v e s  from m u sc l e  to t h e  gonad
In t h e  b r a c k i s h w a t e r  p o n d  a l l  p r a w n s  w e r e  i m m a t u r e .  Also d u e  to 
a v a i l a b i l i t y  o f  r i c h  s u p p l e m e n t a r y  d i e t  in c u l t u r e  p o n d s  t h e r e  
s e e m s  to b e  m ore  p r o t e i n  b u i l d  u p .  B io c h e m i c a l  s t u d i e s  d o n e  b y
R ajam an i  (1982) on s o f t  p r a w n s  o f  P .  in d ic u s  from c u l t u r e  p o n d s  
h a v e  r e v e a l e d  t h a t  u n d e r  a d v e r s e  e c o lo g i c a l  c o n d i t i o n s  and  d u r i n g  
s h o r t a g e  of f o o d ,  p r a w n s  w i l l  be c o m e  s o f t  ( l e s s  p r o t e i n  c o n te n t )  
w h i c h  i s  t h e  i n d i c a t i o n  of  u n h e a l t h i n e s s .
C a r b o h y d r a t e  l e v e l  a p p e a r s  to be  low in l a r v a e ,  a d u l t s  of  
o t h e r  c r u s t a c e a n s  and s t i l l  l o w e r  in p e n a e i d  p r a w n s  (Anger e t  a l . ,  
1983; A nger ,  1985; J a c o b i  a n d  A n g e r ,  1985) .  In t h e  p r e s e n t  s t u d y  
t h e  o b s e r v e d  r a n g e  of  c a r b o h y d r a t e  w a s  f rom  0 .6 0  to 3.00 mg/lOOmg 
in  M. m oncceros; 0 .90  to 1 .60  mg/lOOmg in  P .  monodon; 0.60  to
2 .7 0  mg/lOOmg in P .  in d ic u s  ( m a r i n e )  a n d  f rom  0 .68  to 1 .56  
mg/lOOmg in P . in d ic u s  ( b r a c k i s h w a t e r ) .  S i m i l a r l y  low
c a r b o h y d r a t e  w a s  r e p o r t e d  b y  v a r i o u s  a u t h o r s  in o t h e r  c r u s t a c e a n s .  
J o h n s o n  and  Hopk ins  (1978)  r e p o r t e d  m o n t h l y  a v e r a g e  of  
c a r b o h y d r a t e  b e tw e e n  1.9% a n d  2.5% on d r y  w e i g h t  b a s i s  f o r  m y s i d  
s h r i m p ,  T a p h ro m y sis  bow m ani. Du P r e e z  a n d  McLachlan  ( 1983 ) 
r e p o r t e d  a w i d e  r a n g e  of  m o n t h l y  a v e r a g e  o f  c a r b o h y d r a t e  l e v e l  
( 0 . 6 3  to 21.68% on d r y  w e i g h t  b a s i s )  in t h e  t h r e e  s p o t  swimming 
c r a b ,  O v a lip e s  p u n cta tu s . P e a r s  a n d  G ie s e  ( 1966) r e p o r t e d  t h e  
c a r b o h y d r a t e  r a n g e  to b e  f ro m  2 . 0  ± 0 .3  to 3 . 4  ± 1.3% on d r y  
w e i g h t  b a s i s  in  ‘.he A n t a r c t i c  g i a n t  i s o p o d  G lyp ton otu s  a n ta r c t ic u s .  
F e r g u s o n  and  R a y r .on t  (1974) g a v e  t h e  c a r b o h y d r a t e  r a n g e  to b e  f rom  
1 .3  to 4.7% on d r v  w e i g h t  b a s i s  f o r  E u phausia  su p e r b a .
C a r b o h y d r a t e  l e v e l  d i d  n o t  v a r y  b e t w e e n  t h e  two s e x e s  of  
a l l  t h e  t h r e e  s p e c i e s  b u t  found  to b e  s i g n i f i c a n t l y  d i f f e r e n t  a t  i n t e r ^
s p e c i f i c  l e v e l .  In m a r in e  w a t e r ,  P . in d ic u s  c o n ta in e d  m ore  
c a r b o h y d r a t e  c o n te n t  (1 .1 8  ± 0 .48  mg/lOOmg) than  M. m onoceros  
( 1 .6 1  ± 0 .68  mg/lOOmg);  and  in t h e  c a s e  of  P . monodon from 
b r a c k i s h w a t e r  p o n d  th e  c a r b o h y d r a t e  c o n te n t  (1 .3 1  ± 0 .17  mg/lOOmg) 
w a s  m ore  than  P . in d ic u s  ( b r a c k i s h w a t e r )  ( 1 . 2 2  ± 0 .17  mg/lOOmg).
L i p i d  c o n te n t  of  p e n a e i d  p r a w n s  and  o t h e r  c r u s t a c e a n s  was  
r e p o r t e d  b y  e a r l i e r  w o r k e r s  on w e t  w e i g h t  b a s i s  a s  w e l l  a s  on d r y  
w e i g h t  b a s i s .
A ppanna  and  D e v a d a t t a  ( 1942) r e p o r t e d  f a t  c o n te n t  a s  3.08%, 
2.68%, 2.08% a n d  2.86% on w e t  w e i g h t  b a s i s  f o r  M etapenaeus s o . ,  
P arapenaeus s o . ,  Parapenaeus s p . and  A c e tes  s p . r e s p e c t i v e l y .  
G o p a l a k r i s h n a n  (1951) r e p o r t e d  l i p i d  c o n te n t  on w e t  w e i g h t  b a s i s  
f o r  m ale  a n d  fem a le  p r a w n s  of  Penaeus in d ic u s ,  P . car in a tu s  
(= P .  monodon), M etapenaeus m onoceros, M. d o b so n i of f  M adras  to 
b e  be tw e en  0.89% and 1.15%. G o p a k u m a r  and  Na ir  ( 1975) r e p o r t e d  
l i p i d  c o n te n t  r an g e  from 0 .7  to 1.2% on w e t  w e i g h t  b a s i s  in t h e  
m u s c l e  of  f i v e  Ind ian  p r a w n s .  H a y a s h i  (1976) r e p o r t e d  t o ta l  l i p i d  
c o n te n t  of  t h e  w h o l e  b o d y  to b e  b e tw e e n  0.9% and  3.3% on w e t  
w e i g h t  b a s i s  f o r  10 d e c a p o d  s p e c i e s  from d i f f e r e n t  h a b i t a t s .  
T e s h i m a  e t  a l .  ( 1977),  found t h a t  l i p i d  c o n te n t  v a r i e d  from 1.04% 
( s t a g e  B) to 1.30% w e t  w e i g h t  ( s t a g e  D^) in P . jap on icu s  d u r in g  
m o u l t  c y c l e .  K r i s h n a m o o r t h y  e t  a l .  (19 8 2 ) ,  found mean t o ta l  l i o i d  
c o n te n t  in t h e  m u sc le  of  male  a n d  fe m a le  o f  Penaeus a z tecu s  6 .82  ± 
0 .5 2  m g/g  and  8 .3 8  ± 0.31 m g/g  (on w e t  w e i g h t  b a s i s )  r e s p e c t i v e l y .
S h i b a t a  ( 1983) r e p o r t e d  l i p i d  c o n te n t  to r a n g e  f rom 1.11% to 3.95% 
on w e t  w e i g h t  b a s i s  d u r in g  f i s h i n g  s e a s o n .  I t  l a s t s  f o r  t h r e e  
m o n th s  ( D e c e m b e r  to F e b r u a r y ) .  Diwan a n d  U sha  ( 1987) g a v e  t o t a l  
l i p i d  r a n g e  in t h e  m u sc l e  of P .  i n d i c u s  d u r i n g  m ou l t  c y c l e  to r a n g e  
f r o m  914 .3  ± 5 .5 4  mg/lOOg ( s t a g e  D^) to 1223 .1  ± 19 .06  mg/lOOg 
( s t a g e  D ^ ) .  S r i n i v a s u l u  R e d d y  e t  a l .  ( 1 9 8 9 ) .  in t h e i r  t o x i c  
s t u d i e s ,  r e o o r t e d  t o t a l  l i p i d  l e v e l s  a s  15 .19  m g/g  a n d  14.94  m g /g  
on w e t  w e i g h t  b a s i s  f o r  c o n t r o l  a n i m a l s  o f  P .  i n d i c u s  a n d  M.
m o n o c e r c s  r e s p e c t i v e l y .
In t h e  p r e s e n t  s t u d y  t h e  t o t a l  l i p i d  c o n te n t  w a s  e x p r e s s e d  
on d r y  w e i g h t  b a s i s .  The  t o t a l  l i p i d  c o n t e n t  w a s  found to r a n g e  
f rom  1 .60  to 4 .901  in M. m o n o c e r c s ;  2 .60  to 5.10% in  P .  mooodon;
1 .70  to 5.80% in P .  i n d i c u s  f rom  m a r i n e  w a t e r ;  and  1 .80  to 5.60% in 
P .  i n d i c u s  from b r a c k i s h w a t e r .  S h a i k h m a h m u d  and  Magar ( 1957) 
r e p o r t e d  U p i d  c o n te n t  (on d r y  w e i g h t  b a s i s )  to b e  b e tw e e n  2.9% 
a n d  5 . 3 “. f o r  P e n a e u s  p e n i c i U a t o i s ,  M e ta p e n a e u s  a f f i n i s ,  
P a r a p e n a e o p s i s  s t y l l f e r a .  H i p p o l y s m a t a  e n s i r o s t r i s  a n d  L e a n d c r
t e n u i p e s .  B a r n e s  and  B l a c k s t o c k  (1973)  found  l i p i d  c o n te n t  to r an g e  
b e t w e e n  2 a n d  5% (on d r y  w e i g h t  b a s i s )  in  d e c a p o d  c r u s t a c e a n s .  
P i l l a y  and  N a i r  (1973) r e p o r t e d  t o t a l  l i p i d  c o n te n t  in t h e  a b d o m i n a l
w e i g h t  b a s i s ) .  M aghraby  e t  a l .  ( 1 9 7 6 ) .  r e p o r t e d  l i p i d  c o n t e n t  to 
r a n g e  f rom  1 .20  to 3.40% (on d r y  w e i g h t  b a s i s )  in M. m o n o c e r o s .  
T h e  r e s u l t s  of  t h e  p r e s e n t  s t u d y  a r e  in a g r e e m e n t  w i t h  t h o s e  of
t h e  e a r l i e r  w o r k e r s .
The o b s e r v e d  mean v a l u e  of  l i p i d  c o n te n t  was 3 .26  :  0.79% 
in M. m onoceros; 3.60  ± 0.68% in P .  monodon; 3.74  t 0.80% in P .  
in d ic u s  ( m a r i n e ) ;  and  3 .83  ± 0 .80  in P .  in d ic u s  ( b r a c k i s h w a t e r )  . 
T h e s e  v a l u e s  a r e  in a g r e e m e n t  w i t h  t h o s e  g iv e n  b y  Co lv in  ( 1976) 
who found  l i p i d  c o n te n t  a s  3.94% {on d r y  w e i g h t  b a s i s )  in c u l t u r e d  
P .  i n d i c u s .  T h e  v a lu e  was  found to i n c r e a s e  up to 6% when  p r a w n s  
w e r e  f e d  w i t h  s u p p l e m e n t a r y  f e e d  c o n s t i t u t e d  b y  s e e d  o i l s .  
H o w e v e r ,  C l a r k e  a n d  W ick ins  ( 1980) r e p o r t e d  h i g h  l i p i d  c o n te n t  
(6.79%) (on d r y  w e i g h t  b a s i s )  in t h e  m ale  p r a w n s  of  P .  m ergu ien s is  
f e d  w i t h  a n im a l  f o o d .  T h e  h i g h  l i o i d  c o n te n t  i s  of  t h e  w h o le  
a n i m a l ,  w h e r e a s  in t h e  p r e s e n t  s t u d y  a b d o m i n a l  m u sc le  on ly  was  
u s e d  ( H e o a t o p a n c r e a s  and gonad  w e r e  e x c l u d e d ) .
No s i g n i f i c a n t  d i f f e r e n c e  in t h e  l i p i d  c o n te n t  b e tw e e n  s e x e s
o f  a l l  th e  t h r e e  s p e c i e s  was  fo u n d .  S i m i l a r  t r e n d  was  a l s o  found
in P enaeus  in d ic u s .  P .  c a r in a tu s ,  M etapenaeus m onoceros and  M.
d o b so n i  b y  G o p a l a k r i s h n a n  (1 9 5 1 ) .
LiDid c o n te n t  v a r i e d  s i g n i f i c a n t l y  ( P  < 0 .0 01)  b e tw e e n  M. 
m o n o c e r o s  ( 3 . 2 6  ± 0 .79  nng/lOOmg) a n d  P .  i n d i c u s  ( 3 . 7 4  ± 0.80 
mg/lOOmg;  in m a r i n e  w a t e r .  S i m i l a r  t y p e  of  l i p i d  c o n te n t  v a r i a t i o n  
a t  i n t e r s o e c i e s  l e v e l  was  found b y  S h a i k m a h m u d  and  Magar  ( 1957) 
among P en a eu s  p e n i c U l a t u s ,  M eta p en a eu s  a f f i n i s ,  P a r a p e n a e o p s i s  
s t y l i f e r a ,  H ip p o ly s m a ta  e n s i r o s t r i s  a n d  L ea n d e r  t e n u ip e s .
In i m m a t u r e  p r a w n s  o f  P .  in d ic u s  a n d  P .  monodon f rom 
b r a c k i s h w a t e r  p o n d s ,  i t  i s  n o t i c e d  t h a t  c a r b o h y d r a t e  a n d  l i o i d
a c c u m u l a t e d  a s  a  fun c t io n  of  s i z e  and w e i g h t .  On th e  o t h e r  hand  
no r e l a t i o n  i s  found b e tw e e n  p r o t e i n  c o n te n t  and  s i z e  and  w e i g h t .  
Similar" t r e n d  w a s  a l s o  o b s e r v e d  in p e n a e i d  p r a w n s  and  o t h e r  
c r u s t a c e a n s  b y  e a r l i e r  w o r k e r s .  In the  e u p h a u s i d  M eganyctiphanes,  
l i p i d  c o n t e n t  i n c r e a s e d  w i t h  b o d y  w e i g h t  (M auchl ine  and  F i s h e r ,  
1 9 6 9 ) .  R a y m o n t  e t  a l ,  ( 1971) ,  found in c r e a s i n g  l i p i d  c o n te n t  w i th  
i n c r e a s e  in  b o d y  s i z e  in Euphausia su p erb a  b u t  t h e r e  was  no 
r e l a t i o n  b e t w e e n  p r o t e i n  and  b o d y  s i z e .  Fe rguson  and  Raymont  
(1974)  r e p o r t e d  i n c r e a s i n g  l i p i d  c o n te n t  w i th  b o d y  s i z e  and 
d e c r e a s e  o f  p r o t e i n ,  c a r b o h y d r a t e  w i th  b o d y  w e i g h t  in Antarc t ic  
k r i l l ,  E u p h a u sia  su p e r b a .  K r i s h n a m o o r t h y  e t  a l .  ( 1982) ,  found t h a t  
m u s c l e  c h o l e s t e r o l  i n c r e a s e d  l i n e a r l y  w i th  t h e  w e i g h t  o f  fem a le  
p r a w n s  o f  P e n a e u s  a z e te c u s  when an im a ls  a r e  f e d  w i t h  a n im a l  d i e t .  
H o w e v e r ,  C l a r k e  (1977) r e p o r t e d  t h a t  to ta l  l i p i d  c o n te n t  i s  
n e g a t i v e l y  c o r r e l a t e d  w i t h  f r e s h  w e i g h t  in im m atu re  p r a w n s  of  
C h o rism u s  a n ta r c t ic u s .
In t h e  p r e s e n t  s t u d y  good c o r r e l a t i o n  e x i s t e d  be tw e en  
b i o c h e m i c a l  c o n s t i t u e n t s  of  b o d y  and co n d i t io n  of  P . monodon and  
P .  in d ic u s  ( b r a c k i s h w a t e r ) .  Of the  d i f f e r e n t  m usc le  c o n s t i t u e n t s ,  
w a t e r  a n d  l i p i d  s h o w e d  v e r y  good c o r r e l a t i o n  w i th  c o n d i t i o n  f a c t o r  
o f  t h e  p r a w n .  I t  i s  f o l l o w e d  by  p r o t e i n  and  c a r b o h y d r a t e .  
L i t e r a t u r e  on p e n a e i d  p r a w n s  d o e s  not  th ro w  l i g h t  on t h e s e  a s p e c t s .  
S in c e  U p i d  a n d  c a r b o h y d r a t e  a r e  low ,  the  a v a i l a b l e  e n e r g y  r e s e r v e  
i n  t h e  m u s c l e  a p p e a r s  to be  p r o t e i n  o n l y .  P r o t e i n  i s  low in
c a l o r i f i c  v a l u e  when  c o m p a r e d  to l i o i d .  During a d v e r s e  e c o lo g i c a l  
c o n d i t i o n s  a n d  u n d e r  s t r e s s  of s t a r v a t i o n ,  t h e  e n e r g y  dem and  i s  met  
b y  p r o t e i n  a f f e c t i n g  th e  c o n d i t i o n  of  the  p r a w n .  S i m i l a r  s t u d y  on 
young  T ila p ia  r e n d a l l i  (Cau lton  and  B u r s e l l ,  1977) s h o w e d  good 
c o r r e l a t i o n s  b e t w e e n  b o d y  c o n s t i t u e n t s  and  c o n d i t i o n  of  the  f i s h .  
I h e i r - s t u d y  r e v e a l e d  t h a t  w a t e r  c o n te n t  i s  d i r e c t l y  p r o p o r t i o n a l  to 
t h e  c o n d i t i o n  ( s h o w in g  l i n e a r  r e l a t i o n s h i p ) .  C u r v i l i n e a r
r e l a t i o n s h i p  b e t w e e n  p r o t e i n  and  f a t  on the  one  h a n d  w i t h  c o n d i t i o n  
f a c t o r  on t h e  o t h e r  was  a l s o  o b s e r v e d .  Rajamani  ( 1982) a l s o  found 
m o r e  non p r o t e i n  n i t r o g e n  in s o f t  p r a w n s  o f  P . in d ic u s  
( b r a c k i s h w a t e r  p o n d )  u n d e r  a d v e r s e  c o n d i t i o n s .  His a s s u m p t io n  i s  
t h a t  non p r o t e i n  n i t r o g e n  a c c u m u l a t e s  when p r o t e i n  i s  c a t a b o l i s e d  
d u r i n g  a d v e r s e  e c o lo g i c a l  c o n d i t i o n s .  His e x p e r i m e n t s  w i t h  s o f t  
p r a w n s  s h o w e d  t h a t  p r a w n s  f e d  w i t h  p r o t e i n  r i c h  food  r e c o v e r e d  
f r o m  ' s o f t '  c o n d i t i o n  and  the  p r a w n s  f e d  w i t h  c a r b o h y d r a t e  r i c h  
f o o d  h a v e  n o t  r e c o v e r e d  from s o f t  c o n d i t i o n .  T o r r e s  ( 1973 ) a l s o  
f o u n d  i n c r e a s e  o f  f r e e  am in o a c id  l e v e l s  in t h e  a b d o m i n a l  m usc le  of  
P en a eu s  k e r a th u r u s  d u r i n g  s t a r v a t i o n .  He a l s o  s u g g e s t e d  t h a t  t h e  
i n c r e a s e  of f r e e  a m i n o a c id  i s  due  to c a t a b o l i s m  o f  a b d o m i n a l  m usc le  
p r o t e i n .  T h e  s t u d y  made  b y  Anger ( 1986) on t h e  s p i d e r  c r a b ,  
H yas aran eas  l a r v a e  a l s o  r e v e a l e d  t h a t  p r o t e i n  a n d  l i p i d  s e r v e  a s  
m e t a b o l i t e s  d u r i n g  s t a r v a t i o n  b u t  t h e  o r a w n  d e r i v e s  m ore  e n e r g y  
f ro m  p r o t e i n  o x i d a t i o n .  From t h i s  s t u d y  i t  may b e  c o n c lu d e d  t h a t  
in P .  monodon a n d  P . in d ic u s  t h e  m os t  a v a i l a b l e  e n e r g y  r e s e r v e  i s
p r o t e i n  and  t h e  p r o t e i n  c o n te n t  in t h e  m u sc le  i s  an i n d e x  of  t h e  
h e a l t h  o f  t h e  p r a w n  u n d e r  c u l t u r e  ( b r a c k i s h  w a t e r ) .
P r o t e i n  i s  a  m a jo r  c o n s t i t u e n t  of  t h e  m u sc le  in P . monodon 
a n d  P .  in d ic u s  w h i c h  a r e  known to p r e f e r  a n im a l  m a t t e r  th a n  
v e g e t a b l e  m a t t e r .  Hai l  ( 1962) m ade  s t u d i e s  on t h e  f e e d in g  h a b i t s  
o f  p r a w n s  from b r a c k i s h w a t e r  p o n d s  a n d  s t a t e d  t h a t  P . monodon and 
P .  in d ic u s  p r e f e r  l a r g e  c r u s t a c e a n s .
As P . in d ic u s  and  P .  monodon p r e f e r  p r o t e i n  r i c h  f o o d ,  
p r a w n  p r o d u c t i o n  can be  i n c r e a s e d  f rom b r a c k i s h w a t e r  p o n d s  b y  
f o r m u l a t i n g  s u p p l e m e n t a r y  f e e d  w h i c h  con ta in  a h i g h  p r o p o r t i o n  of  
p r o t e i n  than  t h e  o t h e r  i n g r e d i e n t s .
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Fig -12 ■ Re la tionships  of Carbohydra te  and Lipid Contents of Muscle with Ca rapace  
L ength  of P -monodon and  P.indicus in B ra c k ishw a te r  Pond-
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CH APT ER 5
INTRA AND I N T E R - R E L A T I O N S H I P S  OF 
HAEMOLYMPH AND MUSCLE CH ARACTERISTICS
INTRODUCTION
V arious  p h y s io lo g i c a l  chan.F^es t h a t  undergo d u r in g  the l i f e  
c y c l e  of p r a w n s ,  r e f l e c t  in th e  haem olym ph and muscle 
c h a r a c t e r i s t i c s .  E i t h e r  p o s i t i v e  o r  neg a t iv e  c o r r e l a t i o n s  a r e  found 
be tw een  haem olym ph  c h a r a c t e r i s t i c s  and muscle  c h a r a c t e r i s t i c s  
w h ic h  d e p e n d  upon m o b i l iz a t io n  o r  accumulation of o rgan ic  r e s e r v e s  
in t h e  m u s c le .  During a d v e r s e  eco log ica l  co n d i t ions  and s t a r v e d  
c o n d i t io n s  m uscle  p r o t e in  i s  o x i d i s e d  to meet the  energy  
r e q u i r e m e n t .  During m a tu ra t ion  p r o c e s s ,  o rgan ic  r e s e r v e s  a r e  
m o b i l i z e d  from s to ra g e  o rgans  l i k e  h e p a to p a n c re a s  and muscle to 
go n a d .  During th e  p r o c e s s  of s t a r v a t io n  and m a tu ra t ion  nega t ive  
c o r r e l a t i o n  i s  found be tw een  m usc le  c o n s t i tu en ts  and haem olym ph 
c o n s t i t u e n t s .
Among haem olym ph c o n s t i tu e n t s  and muscle  c o n s t i tu e n t s ,  
d i f f e r e n t  d e g r e e s  of  r e l a t i o n s h i p s  a r e  u s u a l ly  found between one 
haem olym ph  c h a r a c t e r i s t i c  and a n o th e r ;  between one muscle 
c h a r a c t e r i s t i c  and  a n o th e r ;  and  be tw een  muscle  c h a r a c t e r i s t i c s  and 
haem olym ph  c h a r a c t e r i s t i c s .  In haem olym ph p o s i t i v e  c o r r e l a t i o n  is  
u s u a l l y  found be tw een  p r o t e in  and  c o p p e r  b e ca u se  c o p p e r  i s  bound 
w i th  haem ocyan in ;  w h i le  n e g a t iv e  c o r r e l a t i o n  i s  found between 
ca lc ium  and p o ta s s iu m .
In m u s c le ,  neg a t iv e  c o r r e l a t i o n  i s  found be tw een  w a te r  
c o n ten t  and l i p i d  con ten t  b e ca u se  th e  fo rm er  i s  l e s s  than l a t t e r  
when l i p i d  a c c u m u la te s .
S tud ies  on the  r e l a t i o n s h ip  between p r o t e in  and c o p o e r  in 
th e  haem olym ph  of c ru s tac ean s  w ere  made by Arumugam and 
R a v in d ra n a th  (1980, 1983); K err  (1969);  Djangmah (1970); and 
W ieser  ( 1965 ) .
In c r u s ta c e a n s ,  p r o te in - c a lc iu m  r e la t io n  was s tu d ie d  by 
S i ta ra m a ia h  and  Krishnan (1965); Kannan and R av ind rana th  ( 1980, 
1981).
The r e l a t i o n s h i p  between w a te r  and l i p i d  l e v e l s  of muscle  
w as e x p l a in d  b y  C la rk e  (1977) in C h o r ism u s  a n t a r c t i c u s .
In th e  p r e s e n t  s tudy  to e lu c id a t e  th e  in t r a  and i n t e r ­
r e l a t i o n s h i p s  of  haemolymph and muscle  c h a r a c t e r i s t i c s ,  the  d a t a  
f rom haem olym ph  sam ples  and muscle s am p le s  of M. m o n o c e ro s ,  
P .  m onodon and  P . in d ic u s  was p r o c e s s e d  and a n a ly s e d .
RESULTS
I n t r 3 .~ r s l a t i o n s h ip s  o f  hae in o ly in p h  c h a r a c t e r i s t i c s
In th e  p r e s e n t  s tu d y ,  r e l a t i o n s h i p s  between a l l  the  f iv e  
haem olym ph  c h a r a c t e r i s t i c s  nam ely ,  p r o t e in ,  c a r b o h y d r a t e ,  calcium, 
p o ta s s iu m  and  c o p p e r  content  of the  d i f f e r e n t  s p e c i e s ,  namely,  
M. m o n o c e ro s ,  P .  monodon and P .  in d ic u s  were examined 
s t a t i s t i c a l l y .  Those  r e l a t i o n s h i p s  of s t a t i s t i c a l  s ig n i f icance  were 
ex am in ed  more c l o s e l y .  The f iv e  c h a r a c t e r s  gave  ten combinations 
of  i n t e r r e l a t i o n s h i p s  fo r  each  s p e c i e s .  Number of  spec im ens  u sed ,  
v a lu e s  of c o r r e l a t i o n  c o e f f ic ie n t  and t h e i r  s t a t i s t i c a l  s ign if icance  
a r e  g iven  in t a b l e  17. Samples of  th e  two s e x e s  w ere  poo led  in 
t h i s  s t u d y .
M. m o n o ce ro s
P ro te in  s h o w e d  significant -^e correlation( P < 0 .01)  w ith  c o p p e r .  
T he  r e l a t i o n s h i p s  of p ro te in  w ith  th e  remaining p a r a m e te r s  were 
no t  s i g n i f i c a n t .
C a r b o h y d r a t e  showed s ig n i f i c a n t  (P < 0.01) nega t ive  
c o r r e l a t i o n  w i th  calcium w h e re a s  no s ig n i f i c a n t  r e l a t i o n s h i p  was 
found w ith  th e  o t h e r  p a r a m e te r s .
Though ca lc ium showed neg a t iv e  c o r r e l a t i o n  w i th  po ta ss ium  
and  c o p p e r ,  t h e  r e l a t i o n s h i p s  w ere  not  s ig n i f i c a n t  s t a t i s t i c a l l y .
P o ta ss ium  show ed  s ig n i f i c a n t  (P < 0.02) n e g a t iv e  co r re la t io n  
w i th  c o p p e r .
P .  monodon
P ro te in  show ed  s ig n if ican t  c o r r e la t io n s  w ith  the o th e r
p a r a m e t e r s .  I t  i s  p o s i t i v e l y  c o r r e l a t e d  w ith  c a r b o h y d r a t e  ( P "= 0 .0 5 ) ,  
p o ta s s iu m  ( P <  0.001) and c o p p e r  { P <  0 .001 ) ;  and n eg a t ive ly  
c o r r e l a t e d  w ith  calcium (P< 0 .001 ) .
C a r b o h y d r a t e  showed s ig n i f ic a n t  (P < 0.001) p o s i t i v e  
c o r r e l a t i o n  w i th  po ta ss ium  and c o p p e r  b u t  the  c o r re la t io n  with  
ca lc ium  was not  s ig n i f i c a n t .
S ign i f ican t  {P < 0,01) nega t ive  r e l a t i o n s h ip  was found between 
ca lc ium  and p o ta ss iu m  and no r e l a t i o n s h ip  was found between 
ca lc ium  and c o p p e r .
P o tass ium  show ed  p o s i t i v e  and s ig n i f i c a n t  (P 0.001) 
c o r r e l a t i o n  w i th  c o p p e r .
P .  i n d i c u s  (m arine  w ate r)
P ro te in  show ed  p o s i t i v e  s ig n i f ic a n t  r e l a t i o n s h i p s  w ith  
c a r b o h y d r a t e  (P < 0 .01)  and c o p p e r  (P*^ 0 .0 2 ) ;  w h i le  no s ig n i f ican t  
r e l a t i o n s h i p s  w ere  found with  calcium and p o ta s s iu m .
No s ig n i f i c a n t  r e l a t i o n s h i p s  w ere  found between c a r b o h y d r a t e  
an d  th e  o t h e r  th r e e  remaining p a r a m e te r s ,  namely calc ium , 
p o t a s s iu m  and c o p p e r .
Calcium show ed  negat ive  c o r re la t io n  w ith  po ta ss ium  and 
p o s i t i v e  c o r r e l a t i o n  w i th  copper  b u t  s t a t i s t i c a l l y  not  s ig n i f ican t .
No s ig n i f i c a n t  r e l a t io n s h ip  was found between po ta ss ium  and 
c o p p e r .
P .  in d i c u s  ( b r a c k i s h w a t e r )
P ro te in  showed s ig n i f ican t  negative and p o s t iv e  r e l a t i o n s h i p s  
w i th  calc ium (P < 0.001) and potass ium (P  <0 ,001 )  r e s p e c t i v e l y .  
T he  r e l a t i o n s h i p s  of p ro te in  w ith  the o t h e r  p a ra m e te r s  were  not 
s ig n i f i c a n t .
C a r b o h y d r a t e  showed s ig n i f ican t  (P 4 0.001) - v e  correlation with 
c o p p e r  and the  r e l a t i o n s h i p s  w ith  o th e r  p a r a m e te r s  were  not 
s ig n i f i c a n t .
S ig n i f ican t  (P < 0.01) negat ive  co r re la t io n  was found between 
calcium and p o ta ss ium  w hereas  the r e l a t io n s h ip  between calcium a n d  
c o p p e r  was not  s ign i f ican t .
No r e l a t i o n s h ip  was found between p o ta ss ium  and c o p p e r .
The p r e s e n t  s tu d y  showed the  following r e l a t i o n s h i p s :
1. In th e  marine environment ,  the p o s i t i v e  r e l a t io n s h ip  between 
p r o t e in  and calcium of M, nsonoceros and P» in d ic u s  was not 
s ig n i f i c a n t ;  w hereas  in P .  monodon and P .  in d icu s  from 
b r a c k i s h w a t e r  pond ,  th e  same r e l a t i o n s h ip  was negat ive  and 
s ig n i f i c a n t .  The r e l a t io n s h ip  between p ro te in  and calcium in 
M, m onoceros ,  P ,  monodon and P .  in d ic u s  i s  d e p i c te d  
f ig u re  16.
in
2.  C o r re la t io n  be tw een  p ro te in  and po ta ss ium  of M. m onoceros  and 
P .  i n d ic u s  in  th e  marine env ironm ent  was not s ig n i f ican t  but  
was n e g a t iv e .  In th e  b r a c k i s h w a t e r  pon d s  the same 
r e l a t i o n s h i p  in P .  monodon and P .  i n d ic u s  was s ig n i f ic a n t  and 
p o s i t i v e  ( F ig .  17).
3. S ig n i f ican t  p o s i t i v e  c o r r e la t io n  was found be tw een  p ro te in  and 
c o p p e r  in a l l  th e  th r e e  s p e c i e s  (not  s ig n i f i c a n t  in P .  in d icu s  
of b r a c k i s h w a t e r  pond)  (F ig .  18).
4 .  N egative  c o r r e l a t i o n  was found between calcium and po tass ium  
in a l l  th e  t h r e e  s p e c ie s  in bo th  the  env ironm en ts  (F ig .  19).
I n t r a - r e l a t i o n s h i p s  o f  m u sc le  c h a r a c t e r i s t i c s
All th e  fo u r  muscle  c h a r a c t e r i s t i c s  nam ely ,  w a te r ,  p r o t e in ,  
c a r b o h y d r a t e  and  l i p i d  conten ts  w ere  c o r r e l a t e d  w ith  each  o th e r  
f o r  a l l  t h r e e  s p e c i e s .  On th e  whole s ix  com binat ions  were  used 
fo r  each  s p e c i e s  and c o r r e la t io n  co e f f ic ien t  v a lu e ,  number of 
s am p le s  u sed  and  l e v e l  of s ig n i f icance  between each  combination
a r e  g iven in t a b l e  18.
M. monoceros
J • fP< 0 .01)  C o r r e l a t i o n  withWater show ed  s ig n i f i c a n t  p o s i t i v e
c a r b o h y d r a t e  and  nega t ive  c o r r e l a t i o n  w ith  l i p i d  (P < 0 .0 2 ) .  No 
s ig n i f i c a n t  r e l a t i o n s h i p  was found between w a te r  and  p r o t e in .
P ro te in  w as n e g a t iv e ly  c o r r e l a t e d  w ith  c a r b o h y d r a t e  and 
l i p i d  b u t  no r e l a t i o n s h i p  was s ig n i f i c a n t .
C a r b o h y d r a t e  show ed  s ig n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  (P < 0 .01 )  
w i th  l i p i d .
P .  monodon
No c o r r e l a t i o n  w as found be tw een  w a te r  and  o t h e r  p a r a m e t e r s .
P r o t e i n  w as  p o s i t i v e l y  c o r r e l a t e d  w i th  l i p i d  (P  ^ 0 .05)  b u t  
t h e  r e l a t i o n s h i p  w i th  c a r b o h y d r a t e  was not  s i g n i f i c a n t .
No s i g n i f i c a n t  c o r r e l a t i o n  was found be tw een  c a r b o h y d r a t e  and
l i p  i d .
P .  i n d i c u s  ( m a r in e  w a te r )
W ater  had  n o t  shown s ig n i f i c a n t  c o r r e l a t i o n  w i th  th e  o t h e r  
p a r a m e t e r s .
P ro te in  w as p o s i t i v e l y  c o r r e l a t e d  w i th  c a r b o h y d r a t e  (P  < 0 .01 )  
a n d  no r e l a t i o n  w as found be tw een  p r o t e in  and l i p i d .
C a r b o h y d r a t e  had not shwn significant r e l a t i o n s h i p  w i th  l i p i d .
P .  i n d i c u s  ( b r a c k i s h w a t e r )
Though w a t e r  show ed  n e g a t iv e  c o r r e l a t i o n  w i th  a l l  th e  o t h e r  
p a r a m e t e r s ,  o n ly  th e  r e l a t i o n s h i p  be tw een  w a te r  and l i p i d  w as
s i g n i f i c a n t .
P r o te in  s h o w e d  p o s i t i v e  s ig n i f i c a n t  c o r r e l a t i o n  (P < 0 .05)  w i th  
c a r b o h y d r a t e  a n d  no r e l a t i o n  was found be tw een  p r o t e i n  and  l i p i d .
No c o r r e l a t i o n  was found between  c a r b o h y d r a t e  and  l i p i d .
From t h e  s t u d y  of  i n t r a - r e l a t i o n s h i p s  of muscle  c h a r a c t e r i s t i c s  
th e  fo l low ing  o b s e r v a t i o n  was made:
The relationdiip be tw een  w a te r  and l i p i d  was n e g a t iv e  in a l l  th e  
t h r e e  s p e c i e s  b u t  on ly  s ig n i f i c a n t  in M. m o n o c e ro s  and P .  i n d i c u s  
( b r a c k i s h w a t e r ) and  not  s ig n i f i c a n t  in P .  monodoQ and P .  i n d i c u s  
( m a r i n e ) .  T h e  r e l a t i o n s h i p  be tw een  w a te r  and l i p i d  of  a l l  t h r e e  
s p e c i e s  is  show n in f ig u r e  20.
I n t e r - r e l a t i o n s h i p s  b e tw e e n  h a e m o ly m p h  c h a r a c t e r i s t i c s  a n d  m u sc le  
c h a r a c  t e r i s  t i c s :
C o r r e l a t i o n s  w ere  w o rk ed  o u t  be tw een  haem olym ph  
c h a r a c t e r i s t i c s  and  muscle  c h a r a c t e r i s t i c s .  C o r r e l a t i o n  c o e f f i c i e n t s  
w e re  c a l c u l a t e d  fo r  th e  r e l a t i o n s h i p  between  m usc le  p r o t e i n  and  
h a e m o ly m p h  p r o t e i n ;  m uscle  c a r b o h y d r a t e  and  haem olym ph
c a r b o h y d r a t e  (T a b l e  19).
M . iiio n o cero s
S ig n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  was found be tw een  haem olym ph  
p r o t e i n  and m u sc le  p r o t e i n ,  (P  < 0 . 0 5 ) .
Haem olym ph c a r b o h y d r a t e  s h o w e d  s ig n i f i c a n t  (P < 0 .01 )  
n e g a t iv e  r e l a t i o n s h i p  w i th  m usc le  c a r b o h y d r a t e .
P .  m onodon
No s i g n i f i c a n t  c o r r e l a t i o n  was found be tw een  haem olym ph  
c h a r a c t e r i s t i c s  an d  m uscle  c h a r a c t e r i s t i c s .
p .  i n d i c u s  ( m a r i n e  w a te r )
H aem olym ph p r o t e i n  show ed  s ig n i f i c a n t  (P  < 0 .001)  n e g a t iv e  
c o r r e l a t i o n  w i th  m usc le  p r o t e i n .
S ig n i f i c a n t  (P < 0 ,02)  n e g a t iv e  c o r r e l a t i o n  was found be tw een  
m u sc le  c a r b o h y d r a t e  and haem olym ph  c a r b o h y d r a t e .
P .  i n d i c u s  ( b r a c k i s h w a t e r )
No s i g n i f i c a n t  correlation vas found be tw een  haem olym ph  p r o t e i n  
and  m usc le  p r o t e i n .
C a r b o h y d r a t e  of  haem olym ph  h a d  p o s i t i v e  s ig n i f i c a n t  (P < 0 .0 1 )  
c o r r e l a t i o n  w i t h  m usc le  c a r b o h y d r a t e .
From th e  s tu d y  of i n t e r - r e l a t i o n s h i p s  be tw een  haem o ly m p h  
c h a r a c t e r i s t i c s  and  muscle  c h a r a c t e r i s t i c s  i t  h a s  been found t h a t  
n e g a t i v e  oorrela tionwas found be tw een  haem olym ph  p r o t e i n  and  muscle  
p r o t e i n  in M. m onoceros  and P .  in d i c u s  ( m a r in e ) ;  p o s i t i v e  correlation 
b e tw e e n  h a em o ly m p h  p r o t e in  and m uscle  p r o t e in  in  P .  monodon and  
P .  i n d i c u s  ( b r a c k i s h w a t e r )  (F ig .  21 ) .
DISCUSSION
In d e c a p o d  c ru s ta c e a n s  80-95% of the  haem olym ph  p r o t e in  i s  
haem ocyan in  (W eise r ,  1965).  C rus tacean  haem ocyanin  conta ins  0.17% 
of c o p p e r  (Mangum, 1983).  Ionic c o p p e r  in th e  haem olym ph i s  
n e g l ig ib l e  b e c a u se  ion ic  c o p p e r  i s  r e g u la te d  b y  h e p a to p a n c re a s  
(D jangm ah,  1970; Arumugam and R a v i n d r a n a t h , 1983).  Since ionic  
c o p p e r  in th e  haem olym ph i s  m on i to red  p e r i o d i c a l l y ,  e x i s t in g  
c o p p e r  i s  p r o t e i n  bound c o p p e r  (w i th  h a e m o c y a n in ) .  So, c o p p e r  
l e v e l  in haem olym ph  v a r i e s  w i th  th e  haem olym ph  p r o t e in  l e v e l .  
R e l a t i o n s h ip  be tw een  p r o t e in  and c o p p e r  of  haem olym ph  in d e c a p o d  
c ru s ta c e a n s  was r e p o r t e d  by  s e v e r a l  a u t h o r s .  Kerr (1969) 
r e p o r t e d  t h a t  s ig n i f i c a n t  in c r e a s e  in p r o t e i n  and c o p p e r  l e v e l s  in 
t h e  haem olym ph  of female b lue  c r a b ,  C a l l i n e c te s  s a p id u s  d ur ing  
o o c y te  m a tu ra t io n .  In the  same s t u d y ,  c o p p e r  fo l low ed  th e  same 
t r e n d  as  p r o t e i n .  Arumugam and  R a v in d ra n a th  ( 1980) found t h a t  
haem olym ph  c o p p e r  is  bound w i th  p r o t e in  and ion ic  o r  f r e e  c o p p e r  
i s  a b s e n t  in th e  haem olym ph of S c y l la  s e r r a t a .  Djangmah (1970) 
o b s e r v e d  d e p le t i o n  of p r o t e in  as  w e l l  as  c o p p e r  l e v e l s  in th e  
b lo o d  of C rangon  v u l g a r i s  d ur ing  s t a r v a t i o n .  In th e  p r e s e n t  s tu d y  
th e  o b s e r v e d  c o r r e l a t i o n  be tw een  p r o t e i n  and  c o p p e r  con ten ts  in 
th e  haem olym ph  of M. n .o n o c e ro s ,  P .  m onodon an d  P .  i n d ic u s  i s  in 
a c c o rd a n c e  w i th  th e  above  s a i d  o b s e r v a t i o n s  in c ru s ta c e a n s  made
b y  e a r l i e r  w o r k e r s .
In c ru s ta c e a n  haem olym ph ,  ca lc ium e x i s t s  in two s t a t e s  
f r e e  ca lc ium  and  bound ca lc ium .  Bound calcium may be  bound to
p r o t e i n s ,  l i p i d s  an d  a c i d i c  m ucosubs tances  (Kannan and  
R a v i n d r a n a t h , 1981) .  S i t a r a m a ia h  and K rishnan  ( 1965) found bound 
c a lc iu m  to b e  in  be tw een  4.1% and 10.4% in t h e  haem olym ph  of 
E m e r i t a  a s i a t i c a ,  d u r in g  th e  d i f f e r e n t  s ta g e s  o f  moult  c y c l e .  
Kannan an d  R a v i n d r a n a th  (1980) r e p o r t e d  t h a t  f r e e  ca lc ium ran g es  
f rom  5.56% to 20.6% of to ta l  ca lc ium in th e  haem olym ph  of S c y l l a  
s e r r a t a .  In t h e  p r e s e n t  s t u d y ,  s ig n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  was 
o b s e r v e d  b e tw e e n  p r o t e i n  and  ca lc ium of haem olym ph  in P -  m onodon 
and  P .  i n d i c u s  in  b r a c k i s h w a t e r  p o n d ,  w h e r e a s  in  M- m o n o c e ro s  
a nd  P .  i n d i c u s  in m a r in e  w a te r  th e  same r e l a t i o n  w as  p o s i t i v e  b u t  
n o t  s i g n i f i c a n t .  T h i s  may b e  due  to th e  n e g a t iv e  c o r r e l a t i o n  
b e tw e e n  p r o t e i n  and  f r e e  ca lc ium  as f r e e  ca lc ium  i s  more in th e  
h a e m o ly m p h  of P .  m onodon and  P .  i n d ic u s  due to a p p l i c a t i o n  of  
l im e  ( 250 k g / h a / c r o p )  in b r a c k i s h w a t e r  p o n d .  In M. m o n o c e ro s  
and  P .  i n d i c u s  th e  p o s i t i v e  c o r r e l a t i o n  was p e r h a p s  due to a  h ig h  
c o n te n t  of  bound  ca lc ium .  Kannan and R a v in d ra n a th  (1980) a l so  
found v a r i a t i o n  of  f r e e  and  bound calcium w i th  p r o t e i n  h a v in g  
n e g a t iv e  an d  p o s i t i v e  c o r r e l a t i o n s  r e s p e c t i v e l y  in S c y U a  s e r r a t a
d u r in g  t ime of a  d a y .
P o s i t i v e  s ig n i f i c a n t  c o r r e l a t i o n  was found b e tw ee n  p r o t e i n  and 
p o t a s s i u m  in t h e  haem olym ph  o f  P .  m onodon an d  P .  i n d i c u s  in 
b r a c k i s h w a t e r  p o n d  and th e  same r e l a t i o n  was n e g a t iv e  b u t  not  
s i g n i f i c a n t  in M. m o n o c e ro s  and  P .  i i id ic u s  in m a r in e  w a t e r .  T h i s  
was p e r h a p s  du e  to e x i s t i n g  n e g a t iv e  c o r r e l a t i o n  be tw een  ca lc ium
a nd  p o ta s s iu m  l e v e l s  in th e  haem olym ph of a l l  th e  t h r e e  s p e c i e s  
found  in th e  p r e s e n t  s t u d y . .
T h e  r e l a t i o n s h i p  be tw een  w a te r  con ten t  and  l i p i d  co n ten t  of 
m u s c le  was n e g a t i v e .  T h i s  was due to r e d u c t io n  of w a te r  l e v e l  
w hen  l i p i d  co n te n t  accum ula ted  in th e  m usc le .  H ow ever ,  - / e  t r e n d  
w as  o b s e r v e d  b y  C la r k e  (1977) in C h o r ism u s  a n t a r c t i c u s .
S ig n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  was found be tw ee n  haem olym ph  
p r o t e i n  and  m usc le  p r o t e in  in M. m o n o ce ro s  and  P .  i n d i c u s  
(m a r in e )  w h e r e a s  t h e  same r e l a t i o n  was p o s i t i v e  b u t  no t  s ig n i f i c a n t  
in P .  m onodon a n d  P .  i n d ic u s  in b r a c k i s h w a t e r  p o n d .  T h i s  may be  
d u e  to m a tu re  p r a w n s  of M. m o n o ce ro s  and P .  i n d i c u s  in m a r in e  
w a t e r  and im m atu re  p r a w n s  of  P .  m onodon an d  P .  i n d i c u s  in 
b r a c k i s h w a t e r  p o n d .
During m a tu ra t io n  p r o c e s s  p r o t e in  is  m o b i l i z e d  from m uscle  to 
o v a r y  o r  t e s t i s  th ro u g h  h aem olym ph .  Asokan and  George (1984) 
a l s o  found d e p l e t i o n  of m uscle  p r o t e in  in fem a le  p r a w n s  of  P .  
i n d i c u s  d u r in g  o v a r i a n  d ev e lo p m e n t .  V i jayakum aran  (1990) a l so  
found d e p l e t i o n  o f  p r o t e i n  in th e  muscle  d u r ing  m a tu ra t io n  p r o c e s s
in  P .  i n d i c u s .
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Fig.20* Relationship between Water Content an d  Lipid Content in the  
Muscle of M. m o n o c e ro s .  P.monodon and P- indicus

CH APTER 6
VARIATION IN BIOCHEMICAL CONSTITUENTS OF 
HAEMOLYMPH, MUSCLE AND GONAD 
DURING OVARIAN DEVELOPMENT
INTRODUCTION
In i n v e r t e b r a t e s ,  eggs a re  composed of r i c h  organic r e s e r v e s  
l i k e  p r o t e i n  , c a r b o h y d r a t e  and l i p i d  to meet the energy demand 
d u r ing  th e  d i f f e r e n t  s tages  of embryonic deve lopm ent  as  well  as 
l a r v a l  s ta g e s  u n t i l  l a r v a  s t a r t s  feeding on i t s  own. The 
accumula tion of  o rgan ic  r e s e r v e s  as obse rved  in the egg a re  g radual  
from th e  i n t r a - o v a r i a n  o v a ry  s tage of the gonad, which can be 
t r a c e d  th ro u g h  s u c c e s s iv e  s tages  of ovarian  deve lopm en t .
In p e n a e id  p r a w n s ,  a f t e r  spawning, em bryonic  developm ent  
takes  p la c e  o v e r  a p e r i o d  of 12-17 hours to ha tch  out  as naup i ius .  
Nauplius  i s  t h e  l a r v a l  s tage  which metamorphoses into p ro tozoea  
l a r v a  a f t e r  p a s s i n g  through 6 s u b -s tag es  of naup l ius  in a span of 48 
h o u r s ,  d e p e n d in g  upon the  organic r e s e rv e s  s to re d  in the egg, to 
meet th e  e n e rg y  re q u i re m e n t .  Protozoea deve lop  f i l t e r  feeding 
h a b i t ;  s t r a i n  p h y to p la n k to n ;  inges t ,  d ige s t  and a s s im i la t e  organic 
r e s e r v e s  b e f o r e  undergoing f u r th e r  l a r v a l  m e tam orphosis .  Right from 
th e  em b ry o n ic  deve lopm en t  to the  protozoea s ta g e ,  a l l  the energy 
r e q u i re m e n t  i s  m e t  b y  the  ox ida t ion  of organic r e s e r v e s  in the  egg. 
During o v a r i a n  deve lopm en t  of the female p ra w n .  well  m arked  
p h y s io lo g i c a l  changes ,  which  a r e  manifested m o rp h o lo g ic a l ly ,  take 
p l a c e  to e n a b le  t h e i r  recognit ion  with naked e y e .  Colour changes 
from t r a n s p a r e n t  to deep  green and volume in c r e a s e s  s e v e ra l  fold 
from s tage  1 to s tage  IV. Organic r e s e rv e s  w hich  undergo a cyc l ic
change i n c r e a s e  from stage I to IV and then fa l l  down m s tage  V 
a f t e r  spaw ning .
In t h e  p r e s e n t  s tu d y  the d i f f e r e n t  s tages  of ovar ian  
d e v e lo p m e n t  and  the  a s s o c ia te d  biochemical  changes taking p la c e  in 
h aem olym ph ,  nnuscle and gonad of the female p raw ns  of P en aeu s  
in d ic u s  and M e ta p e n a e u s  m onoceros  were s tu d ie d .  The sam ples  a re  
o b ta in e d  from t r a w l  ca tches  off  Visakhapatnam and the r e s u l t s  of 
l a b o r a t o r y  and  s t a t i s t i c a l  a n a l y s i s  a r e  p r e s e n te d  in t h i s  c h a p t e r .
K err  (1969) r e p o r te d  on the v a r ia t io n  in haemolymph p ro te in  
and c o p p e r  in re l a t io n  to m a tu r i ty - s t a g e s  of female C a l l inec te s  
s a p i d u s .  D evelopm ent  of y o lk  p ro te in  in c rus tacean  oocy tes  of Uca 
p u g i l a t o r ,  C a m b a ru s  c l a r k i i  and L ib in ia  e m a rg in a ta  was e x p la in e d  by 
Wolin e t  a l .  ( 1973).  Lui e t  a l .  (1974),  d e s c r ib e d  b io s y n th e s i s  of 
l i p o v i t e l l i n  in t h e  o v a ry  of th e  c r a y f i s h  P ro c a m b a ru s .  Fyffe  and 
O 'Connor ( 1974) made immunological s tu d y  on P ro c a m b a ru s  s p , ,  and 
found t h a t  th e  b lood  borne fem ale  sp e c i f i c  p ro te in  was id e n t i c a l  to 
oocy te  l i p o p r o t e i n .
Annual r e p r o d u c t i v e  c y c l e  of P en aeu s  in d ic u s  was r e p o r t e d  
b y  Subrahmanyara (1963b) Seasonal b iochem ical  changes in th e  o v a ry  
of  B a la n u s  b a l a n o i d e s  and B . b a la n u s  was s tu d ie d  by  Barnes  e t  a l .
( 1963).  C hanges  in b iochem ica l  composition of  eggs during
d ev e lo p m en t  in B a la n u s  b a la n o id e s  and B . b a la n u s  was r e p o r t e d  by 
Barnes  ( 1965).  R ep roduc t ive  and n u t r i t i v e  c y c le s  of P o r tu n u s  
p e l a g i c u s  was s t u d i e d  by  Abdul Rahaman ( 1966). P U lay  and Nair
(1971) s t u d i e d  r e p r o d u c t i v e  cyc les  of Uca a n n u l ip e s .  P o r lu n u s  
p e l a g i c u s  and  M e ta p e n a e u s  a f f i n i s  by employing gonad index m ethod .  
During r e p r o d u c t i v e  c y c l e ,  biochemical  changes in gonad, 
h e p a t o p a n c r e a s  and  muscle  of  Uca a n n u l ip e s ,  P o r tu n u s  p e la g i a n s  and 
M e ta p e n a e u s  a f f i n i s  w ere  s tu d ie d  by P i l l a y  and Nair ( 1973). 
B iochem ica l  changes  in th e  gonads during r e p r o d u c t iv e  c y c le  of the 
f r e s h  w a te r  c r a b ,  B a r y te l p h u s a  c u n ic u la r i s ,  was r e p o r te d  by  Diwan 
and  N agabhushanam (1974) .  Biochemical changes and energy  
u t i l i s a t i o n  d u r in g  em bryon ic  s tag e s  of M acro b rach iu m  i d e l l a  were 
s tu d i e d  b y  S um itra  V i jaya raghavan  and E as te rson  ( 1974). Varia t ion  
in b io c h e m ic a l  com posi t ion ,  c a lo r i f i c  value  and energy  u t i l i s a t io n  
d u r ing  e m b ry o n ic  s ta g e s  of  E m e r i ta  h o l th u i s i  were s tu d ie d  by 
Sum itra  V i ja y a ra g h a v a n  e t  a l .  (1976).  Biochemical composi t ion  of 
th e  m usc le  and  mass changes  during  ova r ian  deve lopm en t  of P . 
i n d ic u s  w e re  s t u d i e d  by  Read and Caulton ( 1980). Nagabhushanam 
and  K u lk a rn i  ( 1982) s tu d ie d  endocr ine  regula tion  of r e p ro d u c t io n  in 
th e  m ar ine  fem a le  p raw n  P .  h a r d w i c k i i .  R eproduc t ive  b io logy  of 
p e n a e id  p r a w n s  was r e v i e w e d  b y  Vedavyasa Rao (1983) .  L i t e r a t u r e  
on o o g e n e s i s ,  o v ip o s i t io n  and oosorption of c ru s ta c e a n s  was 
su m m a r ised  b y  A d iy o d i  and Subramoniam (1983) R ep roduc t ive  and l i p i d  
c y c le s  in t h e  a t y i d  p r a w n ,  C a r id in a  r a j a d h a r i  were e x p la in e d  by 
V ic to r  (1987) .
RESULTS
V a r ia t io n  in  haem olyo iph  co ns t i tuen ts  du r ing  ovcurian d e v e lo p m e n t  :
During th e  p r o c e s s  of ovar ian  d ev e lopm en t  , o rganic  
r e s e r v e s  a r e  m o b i l i s e d  from the  s y n th e s i s  organ l i k e  h e p a to p a n c re a s  
to th e  gonad w h ere  they  accumula te  in th e  ova  g r a d u a l ly  from 
m a t u r i t y - s t a g e  I to IV. The t r a n s p o r t  medium to c a r r y  a l l  the se  
r e s e r v e s  i s  th e  haemolymph and sometimes ene rgy  r e s e r v e s  a re  
m o b i l i s e d  d i r e c t l y  from haemolymph i t s e l f  to gonad.  To know the 
changes  in haem olym ph  u nder  the influence of gonad d e v e lo p m en t ,  
the  h a em o ly m p h  of  each  in d iv id u a l  female p raw n  of M. monoceros 
and P .  i n d i c u s  was a n a ly sed  and grouped to g e th e r  acco rd ing  to s tage  
of  m a t u r i t y .
As haem olym ph composition changes w i th  s iz e  of the  p raw n 
( C h a p t e r  3) th e  concentra t ion  of each haemolymph co n s t i tu en t  was 
c o r r e c t e d  to th e  s t a n d a rd  s iz e  of M. monoceros and P .  in d ic u s  
chosen  fo r  t h e  p r e s e n t  s t u d y .  Based on th e  s tu d ie s  and r e s u l t s  
r e p o r t e d  e a r l i e r  on s iz e  a t  f i r s t  m a tu r i ty ,  o b s e rv a t io n s  on gonad 
d e v e lo p m e n t  d u r ing  p r e s e n t  s tu d y ,  s t a n d a rd  animal s i z e  was 
c o n s id e re d  a s  36 mm c a ra p a c e  length fo r  M. monoceros and 37 mm 
c a r a p a c e  le n g th  fo r  P .  in d i c u s .  The id e a  b e h in d  th e  s e le c t io n  of 
th e  s i z e  of  s t a n d a r d  p raw n  i s  th a t  the  female p raw n  b y  th e  time 
a t t a i n s  s t a n d a r d  s i z e  could h a v e  p a s s e d  a l l  f iv e  m a tu r i ty  s ta g e s  of
gonad d e v e lo p m e n t .
I n i t i a l l y  equa t ions  w ere  d e r iv e d  fo r  the  r e l a t i o n s h i p s  of 
c a ra p a c e  le n g th  and a l l  haemolymph cons t i tuen ts  fo r  M. tnonoceros 
and P .  i n d i c u s  by  following l e a s t  square  m e thod .  The d e r i v e d  
e q u a t io n s  f o r  a l l  haemolymph const i tuen ts  in r e la t io n  to c a r a p a c e  
len g th  a r e  as  fo l low s:
M. m o n o ce ro s
P ro te in  (m g/m l)  = 152.9621 -  1.4994 CL (n = 59; r  = -0 .2284)  
C a r b o h y d r a t e  (mg/lOOml) = 5.3928 -t- 0.8607 CL (n = 27; r= 0.1017) 
Calcium (mg/lQOml) = 14.9443 -  0.2707 CL (n = 23: r  =-0 .2707) 
P o tass ium  (mg/lOOmI) = 11.1477 -  0.1457 CL (n = 23; r  = -0 .  1457) 
C op p e r  ( j jg /m l)  = 3.0073 -  0.0369 CL (n = 14; r  = -0 .2461)
P .  in d ic u s
P ro te in  (m g /m l)  = 625. 59 -  13.4350 CL (n = 12; r  -  -0 .8559) 
C a r b o h y d r a t e  (mg/lOOmI) = 160.44 -  2.4062 CL (n-  10; r -  -0 .5764)  
Calcium (mg/lOOmI) = 39.3259 -  0.8687 CL (n = 7; r = -  0.3708) 
P o tass ium  (mg/lOOtnl) = -50 .085  + 1.675 CL (n = 7; r  -  0.6131) 
CoDper ( p g /m l )  = 0.4805 + 0.0437 CL (n = 7; r  = 0.0437)
All i n d i v i d u a l  heam olym ph cons t i tuen t  va lues  were c o r r e c t e d  
to th e  s t a n d a r d  p raw n  o f  b o th  M. m onoceros  and P .  in d ic u s  by 
fo l low ing  th e  g iven  formula:
c ^ t d  "
b X CL
Where S = C o r r e c te d  haemolymph const i tuen t  l e v e l  to s t a n d a rd  
 ^ p raw n  s iz e
^ O bse rv e d  haemolymph cons t i tuen t  le v e l
CL -  C a rapace  length  of o b s e rv e d  prawn
“^ ^ s t d  “ C a rapace  leng th  of s ta n d a rd  p raw n  (36 mm CL for  
M. monoceros and 37 mm CL fo r  P .  ind icus )
b = Value taken from reg re s s io n  equat ion  fo r  each  
cons t i tuen t
All c o r r e c t e d  va lues  of  each p a ra m e te r  w ere  s o r t e d  ou t  
acc o rd in g  to s ta g e  of  m a tu r i t y .  Mean, s t a n d a rd  d ev ia t io n  and 
num ber  of s a m p le s  a n a ly sed  fo r  each m a tu r i ty - s t a g e  a r e  g iven  in 
t a b le  20 f o r  b o th  s p e c i e s .  S tu d e n t ' s  ' t '  t e s t  was em ployed to f ind  
ou t  th e  s ig n i f i c a n t  d i f f e re n c e  of each  p a ra m e te r  between m a t u r i t y -  
s ta g e  I and IV in M. monoceros and between s tage  V and IV in P .  
i n d i c u s  as  haem olym ph sam ples  w ere  not a v a i l a b l e  fo r  im mature  
spec im en s  ( m a t u r i t y  s tage  I ) ,
M. m onoceros
P ro te in  and calcium le v e l s  in c reased  from s tage  I to III and 
then d e c r e a s e d .  C a rb o h y d ra t e  showed an in c reas in g  t re n d  from 
s tage  I to IV. Though th e r e  was s l i g h t  in c r e a s e  in the  l e v e l s  of 
p o ta s s iu m  and  c o p p e r  from s tage I to II th e r e  i s  an o v e r a l l  
d e c re a s in g  t re n d  from s tage  I to IV in th e s e  two components  of 
h a e m o ly m p h .
P .  i n d i c u s
P r o t e i n ,  c a r b o h y d r a t e ,  po tass ium  and c o p p e r  in c r e a s e d  from 
m a t u r i t y - s t a g e  II to IV and then dec l ined  in s tage  V. Calcium le v e l
has shown a d e c r e a s i n g  t rend  from stage II to IV and the same 
trend  con t inued  up to s tage  V a lso .
From th e  s t u d y  of haemolymph composition in re la t ion  to 
m a tu r i ty  c y c l e  t h e  fo l low ing  fa c t s  have  been found:
P ro te in ,  c a r b o h y d r a t e  and copper  le v e ls  showed an increasing 
t re n d  d u r in g  o v a r i a n  developm ent  in P .  ind icus ;  and in M. 
monoceros,  p r o t e i n  and c a rb o h y d ra te  showed an increasing  trend 
w h e re a s  c o p p e r  show ed  a dec re as in g  t re n d .  Th is  i s  p e rh a p s  due 
to t r a n s p o r t a t i o n  of  energy  r e s e r v e s  from s y n th e s i s  and storage 
organs  l i k e  h e p a to p a n c re a s  and muscle to gonad during 
v i t e l l o g e n e s i s .
Varia t ion in m u sc le  c h a r a c t e r s  du r ing  ova r ian  developm ent
To know th e  v a r i a t i o n  in biochemical  composition of muscle 
during  o v a r i a n  d e v e lo p m e n t ,  r e s u l t s  of an a ly s is  of samples  of muscle 
of female p r a w n s  o f  M. monoceros and P .  ind icus  a re  p re s e n te d
below.
Caul ton an d  B u rse l l  (1977) exp la in ed  the  importance of 
e x p re s s in g  th e  b io c h e m ic a l  composition of muscle in absolute values 
fo r  comparing ch anges  in th e  b iochem ical  composition of animals in 
re la t ion  to d i f f e r e n t  p h y s io lo g i c a l  phenomena. In the  p re sen  y
a l l  b io c h em ica l  p a r a m e t e r s  a r e  e x p re s s e d  in abso lu te  
muscle c o n s t i tu e n t s  v a r y  w i th  s iz e  of the  p raw n ,  in d iv id u a l  values 
of a l l  p a r a m e t e r s  w e re  c o r r e c te d  to a s ta n d a rd  s ize  and compared
acc o rd in g  to th e  m a tu r i t y - s t a g e  of the o v a r y .  The s t a n d a rd  
c a r a p a c e  l e n g t h s  c o n s id e re d  in the  p r e s e n t  s tu d y  were 36 mm and 37 
mm r e s p e c t i v e l y  of  M. m o noceros  and P .  in d ic u s .
V alues  of  w e ig h t ,  w a te r  and p ro te in  were  measured  in 
g ram s;  a n d  c a r b o h y d r a t e  and l i p id  va lues  were  measured in 
m i l l ig r a m s .  From th e  o b s e r v e d  values  of th e  sam ple  a n a ly s e d ,  
a b s o lu t e  v a l u e s  of- each cons t i tuen t  of i n d iv id u a l  p raw n were  
c a l c u l a t e d .  W ater  con ten t  was deduc ted  from the  to ta l  w e igh t  of the 
p r a w n .  T h e  rem ain ing  muscle  content cons is te d  of  o rganic  and 
ino rgan ic  m a t e r i a l .  From the  remaining m a te r i a l ,  r e l a t i v e
p r o p o r t i o n s  of  p r o t e i n ,  c a rb o h y d ra te  and l i p i d  va lues  were  
d e t e rm in e d  on d r y  w e ig h t  b a s i s .
W hile  c o r r e c t in g  th e  va lues  of muscle  components to the 
s t a n d a r d  c a r a p a c e  le n g th ,  th e  r e l a t io n sh ip  between ca rapace  length  
and  eac h  c o n s t i tu e n t  was ob ta ined  f i r s t  ( l e a s t  s q u a re  m e th o d ) .  
Since th e  r e l a t i o n s h i p s  between ca rapace  length  and muscle 
c o n s t i tu e n t s  a r e  e x p o n e n t ia l ,  a l l  the va lues  of bo th  X and Y 
p a r a m e t e r s  w e re  t r a n s fo rm e d  into log v a lu e s .  Linear r e g re s s io n  
e q u a t io n s  w e r e  d e r i v e d  f i r s t  and then conv e r ted  in to ex p o n en t ia l
fo rm s .
of  M- m onoceros  and
T h e  d e r i v e d  e x p r e s s io n s  m  the case 
P .  in d i c u s  a r e  as  fo l low s:
M. m o n o ce ro s
Log w e ig h t  = -2 .3 2 3 7  + 2.3659 log CL (n = 63; r  = 0.950)
Weight (g) = 0.004745
Log w a te r  = -2 .7 3 4 9  + 2.5364 log CL (n = 63; r  = 0.954)
Water  (g) = 0.001841 CL
Log p r o t e i n  = -3 .5 1 4 6  + 2.6261 log CL (n = 63; r  = 0.8967)
^.2.6261 
P ro te in  (g) -  0.0003057 CL
Log c a r b o h y d r a t e  = -1 .1273 + 1.9996 log CL (n = 63; r  = 0.55)
1.9996
C a r b o h y d r a t e  (mg) = 0.0745 CL
Log l i p i d  = - 1 .9 4 5  -  2.7177 log CL (n = 63; r  = 0.795)
2.7177
Lipid  (mg) = 0.0113 CL 
P .  in d ic u s
Log w e ig h t  -  -2 .2 2 2 7  + 2.3857 log CL (n = 25; r  = 0.9539)
2.3857
W eight (g) = 0.006144 CL
Log w a te r  = - 2 .6 3 2 6  + 2.5564 log CL (n = 25; r  = 0.973)
^ .  2.5564 
W ater  (g) = 0.00233 CL
. -  _ 5  0203 + 3.66 log CL (n = 25; r  -  0.868)
Log p r o t e i n  -
/-T 3.66
P r o t e i n  (g) = 0.00000954 CL
1 rx i-n -  25* r  = 0.6718) 
^  ^ _ _ 2  4268 + 2.8322 log CL (nLog c a r b o h y d r a t e  -
C a r b o h y d r a t e  (mg) = 0.003742 CL
= 25- r  = 0.7590)
Log l i p i d  = - 1 .3 9 6 3  ^ 2.4993 log CL (n -  .
^ 2 . 4 9 9 3
Lip id  (mg) = 0.0401
All i n d i v i d u a l  va lues  of each pa ram e te r  were  co r rec ted  to
a s t a n d a r d  p r a w n  b y  following formula:
S.
' 2  = -  C L ^td
CL^
Where ~ ~ o b s e r v e d  abso lu te  value of the  c h a ra c te r
Where = c o r r e c t e d  abso lu te  value of  th e  concerned
c h a r a c t e r
CL = o b s e rv e d  ca rapace  length of in d iv id u a l  prawn
CL ^  = c a ra p ace  leng th  of s tan d rad  p raw n (36 mm fo r  
M. m onoceros  and 37 mm for  P .  in d ic u s )
b = r e g re s s io n  exponent value from d e r iv e d  equat ion
of r e l a t i o n s h ip  between concerned c h a ra c te r  and 
c a ra p a c e  le ng th .
All c o r r e c t e d  i n d iv id u a l  values of each p a ra m e te r  were 
segg reg a ted  a s  p e r  m a tu r i ty - s t a g e  of gonad. Mean, s t a n d a rd  
d ev ia t io n  fo r  e a c h  co n s t i tu e n t  of a l l  s tages  were  ca lcu la ted  and 
p r e s e n t e d  in t a b l e  21.  Biochemical composition in the d i f f e r e n t  
s tages  o f  m a tu r i t y  i s  shown on percen tage  b as is  for  bo th  s p e c ie s  in 
the  sam e t a b l e .  S tu d e n t ' s  ' t '  t e s t  was employed to f ind  ou t  the  
s t a t i s t i c a l  s ig n i f i c a n c e  of th e  d if fe rences  o b s e rv e d  of each  
co n s t i tu e n t  be tw een  th e  d i f f e r e n t  m a tu r i ty - s tag es  I-IV. Values of 
w e igh t ,  w a te r  an d  p r o t e i n  conten t  dec re a sed  from m a tu r i ty - s t a g e  I to 
IV and then  i n c r e a s e d  up to a  le v e l  equal to m a tu r i ty - s ta g e  II in
both th e  s p e c i e s .
j  T  wprp found to d ec re a se  i n i t i a l l y  from C a r b o h y d r a t e  and l i p i d  w ere  touna
j  __ c ta a e  IV. T h e re  w as  a
s tage I to s ta g e  II and  then in c re a s e d  up to stag
O In M. m onoceros , l i p i d  was
d e c re a s e  a f t e r  s t a g e  IV in  P-
found to h a v e  the  same t re n d  as in P .  in d ic u s ,  w hereas  
c a r b o h y d r a t e  d e c r e a s e d  from s tage I to IV and then in c re a s e d  in 
s tage  V.
W eight w as l o s t  due to d e c re a s e  of w a te r  and p ro te in  in the 
muscle .  I t  i s  p e r h a p s  due to mobil isa t ion  of p ro te in  content from 
muscle to g o n a d .  When th e  muscle composition is  co n s id e re d  on 
p e rc e n ta g e  b a s i s ;  w a te r ,  p r o t e in  and c a rb o h y d ra te  d e c re a s e d  from 
stage  I to IV an d  then in c r e a s e d .  S imultaneously,  l i p i d  in c re a s e d  
from s tage  I to IV and then d e c l in e d .
S t a t i s t i c a l l y  no s ig n i f i c a n t  d i f fe rence  was found between
muscle  c h a r a c t e r s  of m a tu r i t y - s t g e  I and IV of bo th  s p e c ie s  e x c e p t  
w a te r  con ten t  in M. monoceros a t  1% p r o b a b i l i t y  (P  < 0*01) le v e l .
V a r ia t io n  in  g o n a d  c h a r a c t e r s  d u r in g  o v a r ia n  d e v e lo p m e n t
Since th e  gonad i s  th e  p r in c ip a l  organ w hich  accom plishes  
a l l  the  p h y s i o l o g i c a l  a c t i v i t i e s  concerning o v a r ian  deve lopm en t ,  i t  
undergoes  ch anges  m o rp h o lo g ic a l ly  as  well  as  b io c h em ica l ly  during  
v i t e l l o g e n e s i s .  T he  p r e s e n t  s tu d y  was taken up to e lu c id a te  changes 
in gonad c h a r a c t e r s  du r ing  o v a r i a n  developm ent .  After  spawning the
ova  w ere  s t u d i e d  s e p a r a t e l y .
A to ta l  of  28 gonads of  M. monoceros in f iv e  m a t u r i t y - s t a g e s , 
and 21 gonads  o f  P-  in d ic u s  belonging to the  f iv e  m a tu r i  y g 
were  a n a l y s e d .  The r e s u l t s  a r e  given be l
. . . . . .  . f  .11 . h .  b l o . h . . l . . l  "< «“
B v . .  1 .  . b „ l u »  V . l „ „  « =
r e l a t i o n s h i p s  b e tw e e n  c a ra p ace  length and gonad cons t i tuen ts  a r e  
e x p o n e n t i a l .  Hence, a l l  the  values of each p a ra m e te r  and
m easurem ents  o f  c a r a p a c e  leng th  were  converted  into log v a lu es  to 
ob ta in  s t r a i g h t  l i n e  r e l a t i o n s h i p s .  All l inea r  equat ions  w ere  again 
t r a n s fo rm e d  in to  t h e  ex p o n e n t ia l  forms as given below:
M. m o n o ce ro s
Log w e ig h t  = 0.8368 + 1.4335 log CL (n = 28; r  = 0. 5054)
Weight (mg) = 6.8678
Log w a te r  = 0 .0712 + 1.8050 log CL (n = 28; r  = 0.6348)
Water (mg) = 1.1781 CL
Log p r o t e in  -  0 .6965 + 1.0730 log CL (n = 28; r  = 0.3071)
P ro te in  (mg) = 4.9716 CL
Log c a r b o h y d r a t e  = -5 .7274  + 4.275 log CL (n = 28; r  = 1.0000)
.  4.275
C a r b o h y d r a t e  (mg) = 0,000001873 CL
Log l i p i d  = - 1 .8 5 2 7  + 2.1715 log CL (n = 28; r  = 0.6099)
.  2.1715 
L ip id  (mg) = 0.0140378 CL
P .  in d i c u s
Log w e ig h t  = -2 .0 7 0 9  + 3.2928 log CL (n = 21; r  = 0.3509)
^ 3 . 2 9 2 8  
W eig h t  (mg) = 0.0084 CL
Log w a te r  = - 2 .1 5 3 2  + 3.2468 log CL (n = 21; r  = 0.3600)
3.2468
W ate r  (mg) = 0.007027 CL
Log p r o t e i n  = -4 .9 6 2 1  + 4.6359 log CL (n = 2 1 ; r  -  0.438)
.  ^ t 4.6359  
P r o t e i n  (mg) = 0 .0000109  C
Log c a r b o h y d r a t e  = - 4 .9 7 8 4  + 3.7866 log CL (n =21; r  = 0.3564) 
ca rb o h y d ra te  (m g)  = 0 .00001
Log l i p i d  = - 1 . 5 8 4 2  + 2 .0 7 5 3  log CL (n = 21; r  = 0.1901) 
lipid (mg) = 0 .0 2 6 0
All t h e  o b s e r v e d  i n d i v i d u a l  v a l u e s  of  a l l  t h e  p a r a m e te r s  
were c o r r e c t e d  to t h e  c h o s e n  s t a n d a r d  c a r a p a c e  l e n g th  us ing  the  
formula:
Si
^2 = ------------^  -  ^ " s t d
C L °
Where = c o r r e c t e d  a b s o lu t e  v a lu e  of  c h a r a c t e r  to the
s t a n d a r d  p r a w n
5  ^ = o b s e r v e d  a b s o l u t e  v a lu e  of  th e  co n ce rned
c h a r a c t e r
= o b s e r v e d  c a r a p a c e  le n g th  o f  i n d i v i d u a l  p raw n
= c a r a p a c e  l e n g th  of  s t a n d a r d  p ra w n  (36 mm for  
M. m o n o c e ro s  and 37 mm f o r  P .  in d i c u s )
b = r e g r e s s i o n  e x p o n e n t  v a lu e  from d e r i v e d  equat ion
fo r  r e l a t i o n s h i p  be tw een  co n ce rned  c h a r a c t e r  and
c a r a p a c e  l e n g t h .
1 (s^sch p a r a m e t e r  were
M l  c o r r e c t e d  i n d i v i d u a l  v a lu e s  ^o f   ^ e ac h ^^ p
seggregated a s  p e r  m a t u r i t y  stage^ o^^^g m a tu r i t y  were
deviation f o r  e a c h  c h a r a c t e r  ^ b io c h e m ic a l  composition
r  ■ t o ^ r a  X  l  g iv e n  on p e r c e n ta g e  h a s is .  
of the gonad a c c o r d i n g  to . -i:- -
1 . d  to f i n d  o u t  s t a t i s t i c a l  s ign if icance  
Student 's  ' f  t e s t  w as  e m p lo y
1^
CL
CL
of d i f f e re n c e s  in e a c h  p a r a m e t e r  b e tw e e n  m a t u r i t y - s t a g e s  I and  IV. 
All p a r a m e t e r s  in b o t h  t h e  s p e c i e s  w e r e  s i g n i f i c a n t l y  d i f f e r e d  
between t h e s e  two m a t u r i t y - s t a g e s .  In M. m o n o c e ro s ,  w e ig h t ,  w a te r  
and p ro te in  v a l u e s  s h o w e d  h i g h l y  s i g n i f i c a n t  ( P <  0.001) d i f f e r e n c e s  
compared to c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  (P  < 0 . 0 1 ) .  In P .  in d i c u s ,  
the d i f f e r e n c e s  w e r e  a l l  s i g n i f i c a n t  a t  1% p r o b a b i l i t y  l e v e l  (P< 
0.01) in a l l  t h e  p a r a m e t e r s  b e t w e e n  m a t u r i t y - s t a g e  I and  IV.
In b o t h  t h e  s p e c i e s ,  w e i g h t ,  w a t e r ,  p r o t e i n ,  c a r b o h y d r a t e  
and l ip id  v a l u e s  i n c r e a s e d  f ro m  s ta g e  I to IV an d  then  d e c r e a s e d  in 
stage V. T h e  d e c l i n e  in s t a g e  V w as  l e s s  th a n  th e  v a lu e  in s tage  II  
in M, m onoc e ro s  a n d  a l m o s t  e q u a l  to t h e  l e v e l  of  s t a g e  II in 
P. ind icu s .
In t h e  g o n a d ,  o v a  d i a m e t e r  i n c r e a s e s  f rom s ta g e  I to IV. 
When i t  i s  f u l l y  m a t u r e  a n d  s p a w n e d  th e  e m p ty  gonad a f t e r  spawning 
the ova is  c a l l e d  s p e n t  r e c o v e r y  ( s t a g e  V).  D uring ova
development a l l  o r g a n i c  r e s e r v e s  a c c u m u la te  in  t h e  gonad  with 
increasing s i z e  o f  o v a .  H en ce ,  a l l  o r g a n i c  r e s e r v e s  a r e  found to
r + T TV a n d  th e n  d e c r e a s e  in s ta g e  V due  to theincrease from s t a g e  I to iv  a n a
release of  a l l  o v a  f ro m  t h e  g o n a d .
■ -f- n nn n e r c e n t a g e  b a s i s  of e a c h  m a t u r i t yB io c h e m ic a l  c o m p o s i t i o n  on p e r c e n i a g
f ^ b l e  22 f o r  b o t h  t h e  s p e c i e s .  I t  w as  found 
stage is  a l s o  g i v e n  in  t a b l e
o f  w a t e r  l e v e l  f ro m  s ta g e  I to IV and  then 
that th e re  w as  d e c r e a s e  o i  w
, = ; n e c i e s .  S i m u l t a n e o u s l y ,  p r o t e i n ,
an inc rease  in  s t a g e  V in  b o t h
ca rb o h y d ra te  a n d  l i p i d  l e v e l s  i n c r e a s e d  from s ta g e  I to IV and then 
declined in s t a g e  V.
C o m p a r i s o n  o f  g o n ad  c h a r a c t e r s  b e tw e e n  M. m onoceros  and 
P. ind icus  i s  g i v e n  in t a b l e  23 .  Gonad c h a r a c t e r s  a t  m a t u r i t y  s tage 
IV were c o m p a r e d  b e t w e e n  M . monoceros  a n d  P .  i n d i c u s  b y  using 
student s t  t e s t  a n d  t h e  sam e s tu d y  r e v e a l e d  th e  e x i s t e n c e  of 
d ifference in w e i g h t ,  w a t e r  a n d  l i p i d  l e v e l s  o f  gonad b e tw ee n  th e se  
two s p e c i e s .  W e ig h t ,  w a t e r  an d  l i p i d  l e v e l s  w e re  m ore  in P . 
indicus than  in  M . m o n o c e r o s  b e c a u se  o f  t h e  d i f f e r e n c e  in the  
s tandard s i z e  b e t w e e n  t h e  two s p e c i e s .
The d e g r e e  o f  a c c u m u la t io n  o r  i n c r e a s e  in  gonad c o n s t i tu e n t s  
from s tage  I to IV o f  M- m o n o c e ro s  and  P .  i n d i c u s  a r e  g iven  in 
table 23. All  p a r a m e t e r s  w e r e  found to i n c r e a s e  a t  a h i g h e r  r a t e  in 
P. ind icus  th a n  in  M. m o n o c e r o s .  T h i s  may b e  a t t r i b u t e d  to the  
difference in g r o w t h  r a t e  o f  t h e  p ra w n  and  c o n s e q u e n t  d i f f e r e n c e  in 
leng th-w eigh t  r e l a t i o n s h i p  b e t w e e n  th e s e  two s p e c i e s .
C o m p a r i s o n  o f  b i o c h e m i c a l  c o m p o s i t io n  on p e r c e n t a g e  b a s i s  i s  
also shown in  t a b l e  23 .  In m a t u r i t y - s t a g e  I ,  b io c h e m ic a l
composition in  b o t h  t h e  s p e c i e s  was i d e n t i c a l  w h e r e a s  in  m a t u r i t y -  
stage IV m ore  o f  p r o t e i n  a n d  c a r b o h y d r a t e  w e re  found  in M.
^ n o c e r o s  than  in  P .  i n d i c u s .  T h i s  may b e  a t t r i b u t e d  to the
f in th e  e a r l y  l a r v a l  d e v e lo p m e n t  in
re la t ive ly  lo n g e r  d u r a t i o n  fo u n d  m  th e  ea  y
M. monoceros t h a n  in  P .  i n d i c u s .
DISCUSSION
Bennet a n d  G ie s e  (1955)  e x p l a i n e d  gonad  in d e x  a s  a  function 
of r e p r o d u c t iv e  a c t i v i t y  in  w e s t e r n  s e a  u r c h i n s .  In c r u s t a c e a n s  also 
sicnilar t y p e  o f  o b s e r v a t i o n s  w e re  m ade b y  s e v e r a l  w o r k e r s ,  
Subrahmanyam (1963*"^) fo und  h i g h  gonad  i n d e x  in  P .  i n d i c u s  during 
par t  of the  y e a r  a n d  h e  r e l a t e d  t h i s  p e r i o d  to t h e  b r e e d i n g  a c t i v i t y  
of th is  s p e c i e s .  T h e  s t u d y  m a d e  b y  P i l l a y  a n d  Nair  (1971) on Uca 
a n n u lip e s ,  P o r t u n u s  p e l a g i c u s  and  M e ta p e n a e u s  a f f i n i s  a l s o  r e v e a l e d  
the ex i s te n c e  o f  r e l a t i o n  b e t w e e n  gonad  i n d e x  and  th e  b re e d in g  
season. Gonad i n d e x  w a s  r e l a t e d  to b r e e d i n g  p e a k s  in  Portunus  
pelagicus b y  A b d u l  R aham an  ( 1966) .  In a t y i d  p r a w n  C a r id in a  
r a jad h a r i ,  g o n ad  i n d e x  w as  o b s e r v e d  d u r in g  th e  d i f f e r e n t  spawning 
seasons by V i c t o r  ( 1 9 8 7 ) .  Diwan a n d  N agabhushanam  (1974) o b s e r v e d  
high gonad i n d e x  d u r i n g  m ax im um  b r e e d i n g  a c i t i v i t y  o f  f r e s h  w a te r  
crab, B a r y t e l p h u s a  c u n i c u l a r i s .  Kialkarni an d  N agabhushanam  ( 1979) 
found in c r e a s e  in  gonad  i n d e x  fronn s t a g e  I to IV and th e n  d e c r e a s e  
in stage V in  f e m a l e  p r a w n  o f  P a r a p e n a e o p s i s  h a r d w i c k u .  In the 
present  s t u d y  a l s o  g o n ad  w e i g h t  o f  a  s t a n d a r d  p r a w n  w as  found to
c T tn IV a n d  th e n  d e c r e a s e  in  s ta g e  V.increase from s t a g e  i  to iv
During o v a r i a n  d e v e l o p m e n t  a l l  o r g a n i c  r e s e r v e s  w e r e  found
to accumulate in  t h e  g o n a d  w i t h  i n c r e a s e  in  o v a  d i a m e t e r .
t . i n  c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  were 
present s t u d y  w a t e r ,  p r o t e  ,
,  IV and  th e n  d e c l i n e d  in  s ta g e  V.
found to i n c r e a s e  f ro m  s t a g e
. ^ t y p e  w e re  r e p o r t e d  b y  K u lk a rn i  and
Results of  a s i m i l a r  y p
Nagabhushanam ( 1979) in  t h e  p e n a e id  p ra w n  P a ra p e n a e o p s i s  
hardw ick i i .  D iwan a n d  N ag a b h u s h a n a m  ( 1974) found h ig h  con ten ts  of 
protein, f a t  a n d  g ly c o g e n  d u r i n g  r i p e n i n g  of  th e  gonad and  d e c re a s e  
in all co n ten ts  a t  t h e  e n d  o f  spaw n in g  seaso n  in th e  f r e s h  w ater  
crab B a r y t e l p h u s a  c u n i c u l a r i s .  V ic to r  (1 9 8 7 ) a l s o  found i n c r e a s e  in 
lipid le v e l  o f  g o n ad  o f  a t y i d  p r a w n  C a r id i i ia .  r a j a d h a r i  during 
spawning m o n t h s .  I n c r e a s e  o f  p r o t e i n  and  l i p i d  v a lu e s  o f  gonad in 
U. an n u U p e s , P .  p e l a g i c u s  a n d  M . a f f i n i s  w as r e p o r t e d  b y  P i l l a y  and 
Nair (1 9 7 3 ). B a rn e s  e t  a l .  ( 1 9 6 3 ) ,  a l s o  found in c r e a s e  in  p ro te in  
and l i p i d  l e v e l s  o f  o v a r y  d u r in g  b r e e d i n g  season  in B alanus 
ba lano ides  and  B . b a l a n u s .
In t h e  p r e s e n t  s t u d y ,  w a t e r  p e r c e n t a g e  in  gonad w as found 
to d ec rease  f ro m  s t a g e  I to IV and  then  i n c r e a s e  in  s tage  V. 
Similar r e s u l t  w as  a l s o  r e p o r t e d  b y  P i l l a y  a n d  N air  (1973 ) in th ree  
decapod c r u s t a c e a n s .
Though a l l  b i o c h e m i c a l  c o n s t i t u e n t s  accum u la ted  f rom  s tage I 
to IV in t h e  g o n a d  o f  M. m ono c e ro s  and  P .  i n d i c u s ,  t h e  mam 
component of  g o n a d  w as  p r o t e i n .  In a r i p e  o v a r y  p r o t e i n  c o n s t i tu te d  
20% of o v a r y  w e i g h t ,  f o l l o w e d  b y  l i p i d ,  w h ic h  c o n t r ib u t e d  betwee 
4 and 51. C a r b o h y d r a t e  c o n t e n t  was l e s s  th a n  2«. Hence, 
penae.d p r a w n s ,  t h e  e n e r g y  r e s e r v e  of  p r o t e i n  and  l i p i d  in  th e  egg 
was to be  u t i l i s e d  d u r i n g  l a t e r  e m b ry o n ic  d e v e lo p m e n t .  Sumxtra
.  a l  ( 1 9 7 6 ) .  a l s o  found d u r in g  em bryonic  
Vijayaraghavan e t  a l .  \
development o f  E m e r i t a  h o l t h u i s i  t h a t  th e  p r i m a r y  so u rc e  of  energy  
was from p r o t e i n  o x i d a t i o n .  S e c o n d a ry  a n d  t e r t i a r y  s o u r c e s  were 
from l i p i d  a n d  c a r b o h y d r a t e .  S u m i t r a  V i j a y a r a g h a v a n  an d  E as te r so n  
( 1974) found t h a t  p r o t e i n  c o n t r i b u t e s  67.4% of  t h e  to t a l  energy  
av a i lab le  f o r  e m b r y o n i c  d e v e l o p m e n t  o f  M acrobrach iu i i i  i d e l l a ,  
Amsler and G e o rg e  ( 1985) fo und  t h a t  d u r in g  e m b ry o n ic  d ev e lo p m e n t  
of E i iphausia  s u p e r b a ,  tw i c e  a s  much p r o t e i n  th a n  l i p i d  w as u sed  and 
the same s t u d y  r e v e a l e d  t h a t  p r o t e i n  an d  l i p i d  c o n t r i b u t e d  e q u a l ly  
to the e n e r g y  r e q u i r e m e n t s .  T h e  e n e rg y  r e q u i r e m e n t  s t u d y  made by 
Vijayakumaran ( 1990) on P .  i n d i c u s  d u r in g  e m b ry o n ic  d ev e lo p m e n t  
revea led  t h a t  p r o t e i n  a n d  l i p i d  c o n t r i b u t e  to th e  r e q u i r e d  energy  
eq u a l ly .
I t  w a s  found  t h a t  p r o t e i n  and  c a r b o h y d r a t e  c o n ce n t ra t io n s  
were more in M. m o n o c e ro s  th a n  in P .  i n d i c u s .  T h i s  i s  p e r h a p s  
due to th e  l o n g e r  d u r a t i o n  o f  n a u p l iu s  s t a g e  (44-60 h o u r s )  in M. 
monoceros (M o h am ed  e t  a l .  , 1979) than  in  P .  i n d i c u s  (40-50 h r s )
, , -u ol ('1979') In b o t h  t h e  s p e c i e s ,  naup l ius
repor ted  b y  Muthu e t  aX.
^acr u n t i l  i t  becomes la rva  s u r v i v e s  on e n e r g y  r e s e r v e s  f rom  egg
pro tozoea .
. . . . r  . n d  p r o „ i »
, „  ,V . „ d  l n c , . . = . d  1.  » • > * -
l o s s  C a r b o h y d r a t e  and  l i p i d  l e v e l s
due to w a t e r  a n d  p r o t e i n  l o s s .
+ T to IV and  then  d e c l in e d
showed an i n c r e a s i n g  t r e n d  f rom  s tag
{except c a r b o h y d r a t e  in M. aaonoceros)  , S im i la r  r e s u l t s  w ere  also 
observed  b y  R e a d  a n d  C a u l to n  (1980) in  P .  in d i c u s  w h e re  he  found 
that du r ing  o v a r i a n  d e v e l o p m e n t ,  b o d y  m ass  and w a te r  d e c l in e d ,  
while th e  m a s s  o f  o r g a n i c  b o d y  c o n s t i t u e n t s  l i k e  p r o t e i n  and  l i p i d s  
have i n c r e a s e d .  A sokan  a n d  G eorge (1984) a l so  found d e c r e a s e  of 
prote in in t h e  m u s c l e  o f  P .  i n d i c u s  d u r in g  o v a r i a n  d e v e lo p m e n t .  
Viiayakumaran (1 9 9 0 )  a l s o  fo u n d  d e c r e a s e  of  w a te r  and  p ro te in  
concentra t ions  in  t h e  m u s c le  o i  P .  i n d i c u s  w i th  m a tu r i t y .
In t h e  p r e s e n t  s t u d y  i t  was o b s e r v e d  t h a t  p r o t e i n  in  muscle 
was found to d e c r e a s e  w i t h  m a tu r a t i o n ;  w h i l e  i t  i n c r e a s e d  in gonad. 
This i s  p e r h a p s  d u e  to m o b i l i s a t i o n  o f  p r o t e i n  f rom muscle  to 
gonad. S a ro j in x  a n d  J a h a g i r d a r  ( 1983) a l s o  found m o b i l i s a t io n  of 
SH-Iinked p r o t e i n s  a n d  l i p i d s  f rom  m uscle  to o v a r y  th ro u g h  b lood  in 
hermit  c r a b ,  P a g u r u s  k u l k a m i .
In t h e  p r e s e n t  s t u d y  h a e m o ly m p h  p r o t e i n  l e v e l  in c r e a s e d  
froo, s tage  I to I I I  a n d  th e n  d e c l in e d  up to s ta g e  V in both  
soec .es .  C o p p e r  l e v e l  s h o w e d  th e  same t r e n d  of  in c r e a s in g  i n i t i a l l y  
and then d e c U n . n g .  S i m i l a r  o b s e r v a t i o n  w as made b y  K e r r  1969) in
Call inectes  s a p i d u s  w h e r e  h e  found t h a t  p r o t e i n  and coppe  
of haem olym ph  h a v e  i n c r e a s e d  from s ta g e  I to IV and then
c t h a t  d i f f e r e n c e  be tw een  th e  p ro te in  
d ec reased .  H is  a s s u m p t i o n  w as
t  n f  o r o t e i n  w h ic h  may be  a s s o c i a t e d  w ith  
content and m a x im a l  am oun t  o f  p  ^
•n (0  2 -100 ,  c o p p e r  : p r o t e i n  r a t i o )  i s
copper in the  form o f h a e m o c y a n i n  ( 0 . 2 . 1
due to l i p o p r o t e i n  s y n t h e s i s i n g  o u t s i d e  th e  o v a r y  and m o b i l i s a t io n  to 
the gonad d u r i n g  v i t e l l o g e n e s i s . He i d e n t i f i e d  th e  se rum  l i p o p r o t e i n  
to be i d e n t i c a l  to t h e  l i p o v i t e l l i n , T he  im m unolog ica l  s t u d y  made 
by Fyffe an d  O 'C o n n o r  ( 1974) on P r o c a m b a r u s  s p . a l so  r e v e a l e d  t h a t  
sexually  m a tu r e  f e m a l e  c r a y f i s h  p o s s e s s  a  b l o o d - b o r n e  female 
soecific  p r o t e i n  w h i c h  i s  i d e n t i c a l  to an o v a r i a n  p r o t e i n .  Wolin 
e t  a l .  ( 1 9 7 3 ) ,  u s e d  c y t o c h e m i c a l  t e c h n i q u e s  in U ca p u g i l a t o r ,  
Cam barus c l a r k i i  a n d  L i b i n i a  e m a r g in a t a  a n d  found t h a t  a p r o t e in  
se ro log ica l ly  i d e n t i c a l  to t h e  l i p o v i t e l l i n  of  y o lk  s p h e r e s  was 
p resen t  in t h e  h a e m o l y m p h  o f  a f o r e s a i d  t h r e e  c r u s t a c e a n s .  They 
concluded t h a t  y o l k  s p h e r e s  d e v e l o p  in eggs  t h ro u g h  m ic ro p in o -  
cytotic u p t a k e  o f  l i p o v i t e l l i n  f rom  th e  h a e m o ly m p h .  C o n t r a r y  to the  
above r e s u l t s  r e p o r t e d  b y  s e v e r a l  a u t h o r s ,  t h e  s t u d i e s  made by 
Lui e t  a l .  ( 1 9 7 4 ) ,  on P r o c a m b a r u s  s p . in  v i t r o ,  r e v e a l e d  t h a t  o v a ry  
is capab le  of  s y n t h e s i s i n g  b o t h  l i p i d  an d  p r o t e i n  com ponen ts  of  the  
l ip o v i t e l l in .  H ence ,  o v a r y  n eed  no t  i n c o r p o r a t e  such  m o ie t i e s  from 
haea,olymph. H o w e v e r ,  in t h e  p r e s e n t  s t u d y  h a e m o ly m p h  p ro te in  
was found to i n c r e a s e  f r o m  s t a g e  I to I I I  and  then  d e c r e a s e .  T h is  
may be a t t r i b u t e d  to  m o b i l i s a t i o n  o f  p r o t e i n  to gonad. 
Simultaneously ,  d e c r e a s e  in m usc le  p r o t e i n  w as a l s o  o b s e r v e d .  
Although i t  i s  n o t  p o s s i b l e  to con c lu d e  a t  t h i s  s t a g e ,  w h e t h e r  the  
protein in t h e  h a e m o l y m p h  o r  f rom  th e  m u sc le  i s  m o b i l i s e d  to the  
gonad; i t  a p p e a r s  t h a t  b o t h  h a em o ly m p h  an d  m u sc le  p l a y  an
, • t h e  p r o t e i n  m o b i l i s a t i o n  to th e  gonad d u r in g  i t s  
im portant r o l e  m  t h e  p r o x
maturation p r o c e s s .
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V A R IA T IO N  IN T H E CO M PO SITIO N  OF 
HAEMOLYMPH AND M U SCLE O F  PRAWNS 
C U L T U R E D  DURING D I F F E R E N T  SEASONS
INTRODUCTION
In b r a c k i s h w a t e r  p o n d ,  p r a w n  p r o d u c t i o n  i s  s u b j e c t  to 
v a r i a t i o n  f r o m  c r o p  to  c r o p  d u r i n g  a  y e a r  d u e  to p r e v a i l i n g  
e c o l o g ic a l  c o n d i t i o n s  a s  w e l l  a s  q u a l i t y  a n d  q u a n t i t y  of 
s u p p l e m e n t a r y  f e e d  g i v e n  d u r i n g  t h e  f a r m i n g  p e r i o d .  T h o u g h  f e e d  
i s  g i v e n  i n  r e q u i r e d  q u a n t i t i e s  a t  a p p r o p r i a t e  t i m e ,  w a t e r  
p a r a m e t e r s  l i k e  s a l i n i t y ,  t e m p e r a t u r e ,  d i s s o l v e d  o x y g e n  a n d  pH 
v a r y  f r o m  c r o p  to  c r o p  d u e  to  n a t u r a l  f l u c t u a t i o n  o r  d e p e n d i n g  on 
the q u a l i t y  o f  w a t e r  s u p p l i e d  to  t h e  p o n d .  I t  i s  n o w  a  known 
f a c t  t h a t  t h e  c o m p o s i t i o n  o f  h a e m o l y m p h  a n d  m u s c l e  o f  p r a w n s  v a r y  
a c c o r d i n g  to t h e  e c o l o g i c a l  c o n d i t i o n s  a s  w e l l  a s  n u t r i t i o n a l  
c o n d i t i o n s .  In b r a c k i s h w a t e r  p o n d  t h r e e  c r o p s  o f  p r a w n  a r e  
h a r v e s t e d  in  a  y e a r .  A s t u d y  o f  t h e  v a r i a t i o n  in  t h e  c o m p o s i t i o n  
of h a e m o l y m p h  a n d  m u s c l e  i n  t h e  p r a w n s  c u l t u r e d  d u r i n g  d i f f e r e n t  
sea so n s  w o u l d  e n a b l e  t h e  d e t e r m i n a t i o n  o f  o p t i m u m  e c o l o g i c a l  
c o n d i t i o n s  f o r  b e t t e r  p r a w n  p r o d u c t i o n .  S a m p l e s  o f  h a e m o l y m p h  a n d  
muscle o f  P .  m o n o d o n  a n d  P .  i n d i c u s  d u r i n g  N o v e m b e r  1 9 8 4 .  M a r c h  
1985 a n d  N o v e m b e r  1985  w e r e  c o l l e c t e d  f o r  b i o c h e m i c a l  a n a l y s i s .
I n f o r r r i a t i o n  on  b i o c h e m i c a l  c o m p o s i t i o n  o f  h a e m o l y m p h  a n d  
muscle o f  p e n a e i d  p r a w n s  g r o w n  in  b r a c k i s h w a t e r  p o n d s  u n d e r
V e d a v y a s a  Rao  e t  a l  ( 1 9 8 1 )  s t u d i e d
cu l tu re  c o n d i t i o n s  i s  s c a r c e .
ca lcium f l u c t u a t i o n  i n  e x o s k e l e t o n .  m u s c l e  a n d  h a e m o l y m p h  
Penaeus  i n d i c u s  f r o m  a  b r a c k i s h w a t e r  p o n d .  S u b h a s h  C h a n d e r
f  P p n a e u s  i n d i c u s  i n  t h e  g r o w - o u t  
(1986) s t u d i e d  e c o p h y s i o l o g y  o f
s y s t e m .
V aria tion  in  w a t e r  c h a r a c t e r i s t i c s  b e tw e e n  d i f f e r e n t  c r o p s
V a l u e s  o f  a l l  h y d r o l o g i c a l  p a r a m e t e r s  on t h e  d i f f e r e n t  
sam p l in g  d a y s  a r e  g i v e n  i n  T a b l e  24 .
W a t e r  t e m p e r a t u r e  w a s  a l m o s t  s a m e  d u r i n g  N o v e m b e r  1984 
(26 .0°C)  a n d  N o v e m b e r  1985  ( 2 6 . 5 ° C )  w h e r e a s  i n  M a r c h  1985 
(29 .0°C)  i t  w a s  s l i g h t l y  h i g h .
S a l i n i t y  a l s o  d i d  n o t  v a r y  m u c h  b e t w e e n  N o v e m b e r  1984 
( 1 2 . 8 ° / o o )  a n d  N o v e m b e r  19 8 5  ( 1 2 . 0 ° / ^ ^ )  b u t  i t  w a s  h i g h  in  M arch  
1985 ( 1 9 . 0 ° / ^ J .
pH  r a n g e d  f r o m  7 . 0  to  7 . 9  d u r i n g  t h e s e  o b s e r v a t i o n  d a y s .
D i s s o l v e d  o x y g e n  i n  N o v e m b e r  1984 w a s  a l s o  s i m i l a r  
(6 .0  m l /1 )  to t h e  v a l u e  o f  N o v e m b e r  1985 ( 6 . 2  m l / 1 )  b u t  i t  was  
s l i g h t l y  h i g h  i n  M a r c h  1985  ( 7 . 6  m l / 1 ) .
F r o m  t h e  a b o v e  o b s e r v a t i o n s  i t  i s  o b v i o u s  t h a t  h i g h e r  
v a lu e s  o f  a l l  w a t e r  p a r a m e t e r s  w e r e  f o u n d  i n  M a r c h  1985 c o m p a r e d  
to the v a l u e s  o f  N o v e m b e r  19 8 4  a n d  N o v e m b e r  1985 .
Variation in  h a e m o l y m p h  c o m p o s i t i o n  b e tw e e n  t h e  d i f f e r e n t  c r o p s
M ea n ,  s t a n d a r d  d e v i a t i o n  a n d  n u m b e r  o f  s p e c i m e n s  e x a m i n e d
of P .  m o n o d o n  a n d  P .  i n d i c u s  i n  a l l  t h r e e  c r o p s  a r e  p r e s e n t e d  in
^  thf* n r a w n s  f r o m  w h i c h  h ae m o  
Table 25 .  C a r a p a c e  l e n g t h  r a n g e
.  • c r o D  f o r  b o t h  t h e  s p e c i e s  i s  a l s o
lyrrrch w a s  e x t r a c t e d  i n  e a c h  P
w asgiven in  t h e  s a m e  t a b l e .  A n a l y s i s  o f  v a r i a n c e  ( F - t e s t )  
e m p lo y ed  to f i n d  o u t  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  in  t h e  
p a r a m e t e r s  o f  h a e m o l y m p h  b e t w e e n  t h e  d i f f e r e n t  c r o p s .
P . monodon
P r o t e i n ,  c a r b o h y d r a t e ,  c a l c i u m ,  p o t a s s i u m  a n d  c o p p e r  l e v e l s  
were s i g n i f i c a n t l y  ( P 0 . 0 0 5 )  d i f f e r e n t  b e t w e e n  t h e  t h r e e  c r o p s .
D u r i n g  N o v e m b e r  1 9 8 4 ,  s a m p l e s  w e r e  c o l l e c t e d  f r o m  two 
s e p a r a t e  p o n d s  a n d  t h e  r e s u l t s  w e r e  t r e a t e d  s e p a r a t e l y .  S i g n i f i c a n t  
d i f f e r e n c e  w a s  f o u n d  i n  t h e  c a s e  o f  c a r b o h y d r a t e  ( P <  0 . 0 0 1 ) ,
calcium ( P  < 0 . 0 0 1 )  a n d  c o p p e r  ( P  < 0 . 0 0 1 )  b e t w e e n  t h e  two 
s a m p l e s .  P r o t e i n  a n d  p o t a s s i u m  o f  t h e  tw o  s a m p l e s  d i d  n o t  v a r y .
R e s u l t s  o f  a i l  p a r a m e t e r s  d u r i n g  1984 w e r e  a l m o s t  s i m i l a r  to 
the r e s u l t s  o f  N o v e m b e r  1 9 8 5 .  T h e  s a m p l e  c o l l e c t e d  in  M a r c h  1985 
had  h i g h  m e a n  v a l u e s  o f  p r o t e i n ,  c o p p e r  a n d  p o t a s s i u m  a n d  low  
mean v a l u e  o f  c a l c i u m  c o m p a r e d  to t h e  m e a n  v a l u e s  o f  o t h e r  two 
c roos  o b t a i n e d  i n  t h e  m o n t h  o f  N o v e m b e r .
P .  i n d i c u s
K h v H r a t e  c a l c i u m  a n d  c o p p e r  c o n t e n t s  w e re  
P r o t e i n ,  c a r b o h y d r a t e ,
u  l e v e l  ( P  < 0 . 0 0 5 )  c o m p a r e d
s i g n i f i c a n U y  d i f f e r e n t  a t  5^ p r o b a b i l i  y
■ n i f i r a n t  ( P  < p r o b a b i l i t y  
to o o t a s s i u m  w h i c h  w a s  s i g
le v e l  b e t w e e n  t h e  t h r e e  c r o p s .
o ,  " V ° :
o t h e r  two c r o p s .
T h e  c o m p a r a t i v e  s t u d y  o f  h a e m o l y m p h  c h a r a c t e r i s t i c s  
b e tw e e n  t h e  d i f f e r e n t  c r o p s ,  s h o w s  t h a t  h i g h  v a l u e s  o f  p r o t e i n ,  
p o t a s s i u m ,  c o p o e r  a n d  l o w  v a l u e  o f  c a l c i u m  in  t h e  h a e m o l y m p h  o f  
P .  m o n o d o n  a n d  P .  i n d i c u s  c o i n c i d e  w i t h  t h e  p r e s e n c e  o f  h i g h  
h y d r o l o g i c a l  v a l u e s  d u r i n g  M a r c h  1985 ,
V a r i a t i o n  i n  m u s c l e  c h a r a c t e r i s t i c s  b e t w e e n  t h e  d i f f e r e n t  c r o p s
M e a n ,  s t a n d a r d  d e v i a t i o n  a n d  n u m b e r  o f  s p e c i m e n s  e x a m i n e d  
of P .  m o n o d o n  a n d  P .  i n d i c u s  a r e  s h o w n  in  t a b l e  2 6 .  C a r a p a c e  
l en g th  r a n g e  a n d  w e i g h t  r a n g e  o f  t h e  p r a w n s  u s e d  o f  b o t h  s p e c i e s  
a r e  a l s o  g i v e n  i n  t h e  s a m e  t a b l e .
A n a l y s i s  o f  v a r i a n c e  ( F - t e s t )  w a s  e m o l o y e d  to  f i n d  o u t  
s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  in  e a c h  p a r a m e t e r  b e t w e e n  t h e  
d i f f e r e n t  c r o p s .
P .  m onodon
W a t e r  a n d  c a r b o h y d r a t e  l e v e l s  h a v e  n o t  s h o w n  s i g n i f i c a n t  
d i f f e r e n c e s .  P r o t e i n  ( P  < 0 . 0 5 )  s h o w e d  l e s s  d i f f e r e n c e  w h e r e a s  
l i p i d  l e v e l  w a s  f o u n d  to  b e  h i g h l y  s i g n i f i c a n t  ( P  < 0 . 0 0 5 )  b e t w e e n
the  t h r e e  c r o p s .
C o m p a r a t i v e l y  h i g h  v a l u e s  o f  p r o t e i n ,  c a r b o h y d r a t e  an d  
l i p i d  c o n t e n t s  w e r e  f o u n d  i n  t h e  c r o p  o f  N o v e m b e r  1984 .  T h i s  
was p a r t l y  d u e  to  a n a l y s i s  o f  b i g g e r  p r a w n s  ( c a r a p a c e  l e n g t h  r a n g e
TT n  ■ U 4- o  1 ft 3 - 2 9  6 e )  c o m p a r e d  to t h e  p r a w n s  o f32-43 mm; w e i g h t  r a n g e  l o . i  ^ 7 * g-'
the  o t h e r  two  c r o p s .
P .  i n d i c u s
C a r b o h y d r a t e  l e v e l  s h o w e d  a  d i f f e r e n c e ,  s i g n i f i c a n t  a t  5 % 
p r o b a b i l i t y  ( P  < 0 . 0 0 5 )  w h i l e  l i p i d  w a s  s i g n i f i c a n t  a t  1% 
p r o b a b i l i t y  ( P <  0 . 0 1 ) .  W a t e r  a n d  p r o t e i n  c o n t e n t  d i d  n o t  s h o w  
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t h r e e  c r o p s .
Mean v a l u e s  o f  p r o t ^ ' i n ,  c a r b o h y d r a t e  a n d  l i p i d  w e r e  
o b s e r v e d  to  b e  h i g h  d u r i n g  1984  c o m p a r e d  to  t h e  o t h e r  two c r o p s .  
T h i s  m ay  b e  a t t r i b u t e d  to  t h e  l a r g e r  s i z e  o f  s p e c i m e n s  u s e d  fo r  
a n a l y s i s  ( c a r a p a c e  l e n g t h  r a n g e  2 7 - 3 4  n m w e i g h t  r a n g e  1 3 . 9 - 2 1 . 5  g) 
c o m p a re d  to t h e  p r a w n s  o f  t h e  o t h e r  two c r o p s .
F r o m  t h e  c o m p a r a t i v e  s t u d y  o f  m u s c l e  c h a r a c t e r i s t i c s
between  t h e  d i f f e r e n t  c r o p s ,  h i g h  m ea n  v a l u e s  o f  p r o t e i n ,
c a r b o h y d r a t e  a n d  l i p i d  v a l u e s  w e r e  o b s e r v e d  in  P .  m o n o d o n  an d  
P .  i u d i c u s  in  t h e  c r o p  o b t a i n e d  i n  N o v e m b e r  1984.  T h i s  i s  d u e  
to l a r g e r  s i z e  o f  t h e  s p e c i m e n s  c o m p a r e d  to  t h e  o t h e r  s a m p l e s .  
If s i z e  r a n g e  a n d  w e i g h t  r a n g e  w e r e  c o n s i d e r e d ,  s a m p l e s  a n a l y s e d
dur ing  M a r c h  1985  w e r e  f o r  s m a l l  p r a w n s .  I f  c o m p a r i s o n s  w e r e
made b e t w e e n  p r a w n s  o f  s i m i l a r  s i z e  r a n g e  in  a l l  t h e  t h r e e  c r o p s ,
, in  b o t h  P -  m o n o d o n  an d
high v a l u e s  w o u l d  h a v e  b e e n  f o u n d  in
P .  i n d i c u s  o f  M a r c h  1 9 8 5 .
DISCUSSION
S a l i n i t y  o f  t h e  b r a c k i s h w a t e r  p o n d s  d e p e n d s  on t h e  
c h a r a c t e r i s t i c s  o f  t h e  h y d r o g r a p h y  o f  K a k i n a d a  b a y ,  w h i c h  i s  
u n d e r  t h e  i n f l u e n c e  o f  t h e  s o u t h w e s t  a n d  n o r t h e a s t  m o n s o o n s  an d  
d i s c h a r g e  o f  f r e s h w a t e r  f r o m  i r r i g a t i o n  c a n a l s  o f  r i v e r  G o d a v a r i .  
During J u n e - S e p t e m b e r , s a l i n i t y  i s  a s  l o w  a s  4 . 0  to  1 2 . 0  p p t  and  
from N o v e m b e r  to  M ay  s a l i n i t y  g r a d u a l l y  i n c r e a s e s  a n d  s o m e t i m e s  
i t  r e a c h e s  u p  to  60 p p t  i n  M ay  ( R a j y a l a k s h m i  e t  a l .  , 1 9 8 6 ) .  As 
th e  f e e d e r  c a n a l  to t h e  b r a c k i s h w a t e r  p o n d  p a s s e s  t h r o u g h  t h e  
K a k in a d a  C o m m e r c i a l  c a n a l ,  s a l i n i t y  l e v e l  in  t h e  b a y  i s  r e f l e c t e d  
in t h e  b r a c k i s h w a t e r  p o n d  ( R a m b h a s k a r ,  1 9 8 5 ) .  S a l i n i t y  i n c r e a s e d  
from 1 2 . 0 0  p p t  to 1 9 . 0 0  p p t  d u r i n g  N o v e m b e r  1984 to M arch  
1985. T h e  c r o p  h a r v e s t e d  i n  N o v e m b e r  1984 w a s  r e a r e d  in t h e  
medium h a v i n g  s a l i n i t y  o f  b e l o w  1 2 . 0 0  p o t ;  w h i l e  s a l i n i t y  r a n g e  
of t h e  o o n d  i n  1985 w a s  f r o m  1 2 . 0 0  p p t  to 1 9 . 0 0  p p t .  S ince  
a o p l i c a t i o n  o f  m a n u r e s ,  a s  w e l l  a s  s u p p l e m e n t a r y  f e e d  a n d  s t o c k i n g  
d e n s i t y  a r e  u n i f o r m  d u r i n g  a l l  t h e  t h r e e  c r o p s ,  v a r i a t i o n  in 
h a e m o l y m p h  c o m p o s i t i o n  a n d  m u s c l e  c o m p o s i t i o n  o f  P .  m o n o d o n  an d  
P .  i n d i c u s  c a n  b e  a t t r i b u t e d  to  t h e  c h a n g e s  in  w a t e r  s a l i n i t y .
P a n i k k a r  ( 1968)  s u g g e s t e d  t h a t  m a x i m u m  g r o w t h  o f  p r a w n s  
. . .  . .  ” •
t h e  o x y g e n  r e q u i r e m e n t  of
e n e r g y  i n  d o i n g  o s m o r e g u l a t i o n .
I d  b e  l o w  u n d e r  i s o s m o t i c  c o n d i t i o n s ,  n a t u r a l  
the  Drawn w o u l d  d s
m o r t a l i t y  o f  p r a w n  d u e  to  nvim-or, ^  t
^  o x y g e n  d e p l e t i o n  i s  l o w .  He f u r t h e r
r e m a r k e d  t h a t  u n d e r  i s o s ™ o t i c  c o n d i t i o n s  m a x im u m  n u m b e r  o f  
p r a w n s  can b e  c u l t u r e d  i n  a  g i v e n  v o l u m e  o f  w a t e r .  D iw an  e t  a l .  
(1989) f o u n d  i s o s m o t i c  p o i n t  a t  2 3 . 5  p p  t  f o r  P .  m o n o d o n .  F o r  
j u v e n i l e s  a n d  a d u l t s  o f  P .  i n d i c u s ,  i s o s m o t i c  s a l i n i t y  i s  a t  14 .00  
p p t  an d  1 ^ . 0 0  p p t  r e s p e c t i v e l y  ( D i w a n  a n d  L a x m i n a r a y a n , 1989) .  
The  p r e v a i l i n g  s a l i n i t y  r a n g e  ( 1 2 . 0 0 - 1 9 . 0 0  p p t )  d u r i n g  t h e  f a r m i n g  
p e r i o d  o f  M a r c h  1985 c r o p  i s  n e a r e r  to t h e  i s o s m o t i c  p o i n t s  of  
P .  m onodon  a n d  P .  i n d i c u s .  T h e  h i g h  v a l u e s  o f  p r o t e i n  an d  
c o p p e r  in t h e  h a e m o l y m p h  o f  p r a w n s  h a r v e s t e d  in  M a r c h  1985 
i n d i c a t e  t h e  h e a l t h y  c o n d i t i o n  o f  t h e  p r a w n s .  F r o m  t h i s  
o b s e r v a t i o n  i t  c a n  b e  s u g g e s t e d  t h a t  i d e a l  s e a s o n  to t a k e  up  p r a w n  
c u l t u r e  a r o u n d  K a k i n a d a  b a y  i s  f r o m  D e c e m b e r  to  M a r c h ,  in 
e x t e n s i v e  p r a w n  f a r m i n g .  T h e  c o n d i t i o n s  c a n  b e  b r o u g h t  u n d e r  
co n t ro l  a c c o r d i n g l y  i n  i n t e n s i v e  p r a w n  f a r m i n g .
D u r in g  M a r c h  1 9 8 5 ,  h i g h  v a l u e s  o f  p o t a s s i u m  in  t h e  
h a e m o ly m o h  o f  P .  m o n o d o n  a n d  P .  i n d i c u s  r e f l e c t  t h e  p r e v a i l i n g  
h igh s a l i n i t y  o f  t h e  p o n d  c o n d i t i o n .  S i m i l a r  o b s e r v a t i o n  w a s  m ade  
by Dali  ( 1 9 8 1 )  in  t h e  c a s e  o f  P e n a e u s  p l e b e j u s ,  P .  e s c u l e n t u s  an d
P .  m e r g u i e n s i s .
Low v a l u e  o f  c a l c i u m  w a s  f o u n d  in  M a r c h  1985 ,  t h i s  m a y  be
• ^ a n e a a t i v e  c o r r e l a t i o n  b e t w e e n
a t t r i b u t e d  to t h e  e x i s t e n c e  o t  a  n e g a i x
^ ^ n t ^ n t s  o f  h a e m o l y m p h .  H o w e v e r ,
ca lcium a n d  p o t a s s i u m  c o n t e n t s
V e d a v y a s a R a o  a t  a l . (  1 9 8 1 )  o b s e r v e d  t h a t  h a e m o l y m p h  c a l c i u m  of
P .  i n d i c u s  a n d  p o n d  w a t e r  c a l c i u m  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  
s a l i n i t y  o f  t h e  b r a c k i s h w a t e r .
H ig h  v a l u e s  o f  b i o c h e m i c a l  c o n s t i t u e n t s  o f  m u s c l e  w e r e  
o b s e r v e d  d u r i n g  N o v e m b e r  1984  d u e  to  t h e  l a r g e n e s s  o f  t h e  
s p e c im e n s  c o m p a r e d  to  t h e  s p e c i m e n s  i n  t h e  o t h e r  tw o  c r o p s .  
L ip id  a n d  c a r b o h y d r a t e  i n  t h e  m u s c l e  s h o w e d  p o s i t i v e  c o r r e l a t i o n  
wi th  l e n g t h  a n d  w e i g h t  o f  t h e  p r a w n  ( C h a p t e r  4 ) .
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T h e  t h e s i s  d e a l s  w i t h  t h e  s t u H i - o  ,-u u • i. • .f axua ie s  on  t h e  b i o c h e m i c a l
composi t ion  o f  h a e m o l y m p h  a n d  m u s c l e  o f  M e t a p e n a e u s  m o n o c e r o s ,  
Penaeus m o n o d o n  a n d  P .  i n d i c u s  i n h a b i t i n g  t h e  d i f f e r e n t
e c o s y s te m s .  I t  i n c l u d e s  d a t a  o n  t h e  b i o c h e m i c a l  m a k e  up  a n d  
changes o c c u r r i n g  i n  t h e  h a e m o l y m p h  a n d  m u s c l e  in  r e l a t i o n  to  s e x  
s ize ,  w e i g h t ,  c o n d i t i o n  f a c t o r ,  o v a r i a n  m a t u r a t i o n  a n d  u n d e r  
d i f f e re n t  e c o l o g i c a l  c o n d i t i o n s .  T h e  i n t r a  a n d  i n t e r - r e l a t i o n s h i p s  of  
h aem olym ph a n d  m u s c l e  c h a r a c t e r i s t i c s  in  t h e  t h r e e  s p e c i e s  a r e  
d ea l t  w i t h  in d e t a i l .
T h e  t o t a l  l e n g t h - w e i g h t  r e l a t i o n s h i p  h a s  r e v e a l e d  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  s e x e s  o f  M. m o n o c e ro s ,  P .  i n i d i c u s  ( m a r i n e )  
and P .  i n d i c u s  ( b r a c k i s h w a t e r ) w h e r e a s  no s i g n i f i c a n t  d i f f e r e n c e  i s  
not iced b e t w e e n  t h e  s e x e s  o f  P .  EDonodon. F e m a l e s  o f  P .  i n d i c u s  
(marine)  a n d  M.  m onoceros a r e  f o u n d  to b e  h e a v i e r  t h a n  m a l e s  o f  
P.  i n d i c u s  ( m a r i n e )  a n d  M .  monoceros. S i m i l a r l y ,  t h e  m a l e s  o f  P .  
ind icus  a r e  h e a v i e r  t h a n  t h e  f e m a l e s  in  t h e  b r a c k i s h w a t e r  
en v i ro n m en t .  In t h e  s t u d y  o f  c a r a p a c e  l e n g t h - w e i g h t  r e l a t i o n s h i p
an a ly s i s  o f  c o v a r i a n c e  h a s  s h o w n  t h a t  t h e r e  i s  no s i g n i f i c a n t
cn- s e x e s  o f  m o n o c e r o s ,
d i f f e r e n c e  i n  r e g r e s s i o n  c o e f f i c i e n t s
\ p  i n d i c u s  ( b r a c k i s h w a t e r ) .
p.  iDcnodon, P .  i n d i c u s  ( m a r i n e )  a n d  P .  m d x c u s
r  I p n e t h  P -  m o n o d o n  w e i g h s  m o r e  t h a n  t h e
For a g i v e n  c a r a p a c e  l e n g t n ,  c .
other  two s o e c i e s  a n d  P .  i n d i c u s  f r o m  t h e  m a r i n e  h a b i t a t  w e i g h s  
. o r e  than  t h o s e  f r o m  t h e  b r a c k i s h w a t e r  h a b i t a t .  T h e  c a r a p a c e
U- h a s  n o t  s h o w n  a n y  s i g n i f i c a n t  
l e n g t h - t o t a l  l e n g t h  r e l a t i o n s  i p
var iaUon b e t w e e n  t h e  s e x e s  o f  P .  m o n o d o n ,  P .  i n d i c u s  ( m a r i n e )  a n d  
p.  iB d icus  ( b r a c k i s h w a t e r )  w h e r e a s  in  t h e  c a s e  o f  M. m o n o c e r o s  i t  
d i f fe rs  s i g n i f i c a n t l y  b e t w e e n  t h e  s e x e s .  F o r  a  g i v e n  c a r a p a c e  
length,  t o t a l  l e n g t h  i s  m o r e  f o r  P .  i n d i c u s  t h a n  i n  t h e  o t h e r  two 
spec ie s  b e c a u s e  o f  t h e  l e n g t h y  r o s t r u m  in  P .  i n d i c u s .
C o n s i d e r a b l e  v a r i a t i o n  in  h a e m o l y m p h  c o n s t i t u e n t s  o f  
i n d i v id u a l  p r a w n s  w a s  o b s e r v e d .  In t h e  b r a c k i s h w a t e r  p o n d  
haem olym ph c o n s t i t u e n t s  d i d  n o t  v a r y  s i g n i f i c a n t l y  b e t w e e n  t h e  
sexes  o f  P .  m o n o d o n  a n d  P .  i n d i c u s .  H o w e v e r ,  f e m a l e s  o f  M. 
monoceros a n d  P .  i n d i c u s  f r o m  t h e  m a r i n e  r e g i o n  w e r e  h a v i n g  m o re  
c a r b o h y d r a t e  a n d  c a l c i u m  l e v e l s  r e s p e c t i v e l y .  T h e  h i g h  l e v e l  o f  
c a r b o h y d r a t e  in  f e m a l e s  o f  M . m o n o c e r o s  m i g h t  b e  d u e  to  h i g h e r  
r e p r o d u c t i v e  a c t i v i t y  w h e n  o r g a n i c  r e s e r v e s  w e r e  m o b i l i s e d  f r o m  t h e  
storage o r g a n  l i k e  h e p a t o p a n c r e a s  to t h e  g o n a d ,  t h r o u g h
h a e m o l y m p h .
C o . p a r a t . v e  s t u d y  o f  h a e n , o l y . p h  c h a r a c t e r i s t i c s  a t  i n t r a  a n d
. t e r s o e c n c  l e v e l s  r e v e a l e d  t h a t  t h e r e  w a s  no  s i g n ^ c a n t  d i f f e r e n c e
i n  c a - b o h y d r a t e  b e t w e e n  M . m o n o ce ro s  
in a l l  t h e  p a r a m e t e r s  e x c e p t  i n  c a .  o o n y
S i s n i f i c a n t  v a r i a t i o n  in 
and P . i n d i c u s  f r o m  t h e  m a r i n e  s o u r c e .  g
w e r e  r e c o r d e d  b e t w e e n  P .  
p r o t e i n ,  c a r b o h y d r a t e  a n d  c o p p e r  l e v e l s  we
■ in  b r a c k i s h - ^ v a t e r  e n v i r o n m e n t .  T h i s  m ay  b e
monodon a n d  P .  i n d i c u s  m
1 rr-irsl c o n d i t i o n s  i n  m a r i n e
due to p r e v a l e n c e  o f  h o m o g e n e o u s  eco
• a t i o n  i .  c u l t u r e  c o n d i t i o n s .  T h e r e  w as  
, t  a n d  g r e a t e r  v a r i a t i o n  i .
environmen
s i g n i f i c a n t  d i f f e r e n c e  i n  a l l  t h e  c o n s t i t u e n t s  b e t w e e n  P .  A d i e u s  
(mar ine) a n d  P .  i n d i c u s  ( b r a c k i s h w a t e r ) d u e  to d i f f e r e n t  p h a s e s  in 
l i fe  c y c l e .
C o r r e l a t i o n  b e t w e e n  h a e m o l y m p h  c h a r a c t e r i s t i c s  a n d  l e n g t h  
showed n e g a t i v e  c o r r e l a t i o n  b e t w e e n  p r o t e i n  a n d  l e n g t h  i n  a l l  t h e  
t h ree  s p e c i e s .  In  t h e  c a s e  o f  c a r b o h y d r a t e ,  i t  w a s  n e g a t i v e  in  a l l  
s p e c ie s  e x c e p t  i n  M . m o n o c e i ro s .  C a l c i u m  w a s  f o u n d  to b e  
p o s i t i v e l y  c o r r e l a t e d  i n  P .  m onodon a n d  P .  i n d i c u s  f r o m  t h e  
b r a c k i s h w a t e r  w h e r e a s  i t  w a s  n e g a t i v e l y  c o r r e l a t e d  i n  M. m onoceros  
and p o s i t i v e l y  c o r r e l a t e d  i n  P .  i n d i c u s  f r o m  t h e  m a r i n e  w a t e r .
C o r r e l a t i o n  o f  h a e m o l y m p h  c h a r a c t e r i s t i c s  a n d  w e / g / j t
showed a n e g a t i v e  c o r r e l a t i o n  b e t w e e n  p r o t e i n  c o n t e n t  a n d  w e i g h t  in 
a l l  the  t h r e e  s p e c i e s .  C a r b o h y d r a t e  l e v e l  w a s  n e g a t i v e l y  c o r r e l a t e d  
in P . m onodon a n d  P .  i n d i c u s  f r o m  b r a c k i s h w a t e r  a n d  p o s i t i v e l y  
c o r r e l a t e d  in  M. m o n o c e r o s  a n d  P .  i n d i c u s  f r o m  t h e  m a r i n e  r e g i o n .  
Calcium c o n t e n t  w a s  n e g a t i v e l y  c o r r e l a t e d  in  M. m o n o c e ro s  a n d  P . 
indicus o f  m a r i n e  w a t e r  a n d  p o s i t i v e l y  c o r r e l a t e d  in  P .  monodon 
and P . i n d i c u s  i n  b r a c k i s h w a t e r .  C o p p e r  c o n t e n t  w a s  n e g a t i v e l y  
c o r r e l a t e d  w i t h  w e i g h t  i n  P .  - o n o d o n  a n d  p o s i t i v e l y  c o r r e l a t e d  in 
P. in d ic u s  f r o m  b r a c k i s h w a t e r  a s  w e l l  a s  i n  m a r i n e  w a t e r .  T h e r e  
was p o s i t i v e  c o r r e l a t i o n  b e t w e e n  c o p p e r  c o n t e n t  a n d  w e i g h t  o f  t h e  
p raw ns  o f  M. m o n o c e r o s  f r o .  t h e  m a r i n e  w a t e r  t h o u g h  no t
s i g n i f i c a n t  s t a t i s t i c a l l y .
F l u c t u a t i o n s  o f  h a e m o l y m p h  c h a r a c t e r i s t i c s  w i t h  l e n g t h  a n d  
weight  in  t h e  p r a w n s  o b t a i n e d  i n  d i f f e r e n t  c r o p s  i n  t h e  
b r a c k i s h w a t e r  p o n d  i s  p e r h a p s  d u e  to  t h e  h i g h  v a r i a b i l i t y  o f  
eco log ic a l  c o n d i t i o n s  i n  t h e  p o n d s  a n d  t h e  q u a l i t y  a n d  q u a n t i t y  o f  
feed g iv e n  d u r i n g  t h e  c u l t u r e  p e r i o d .
S t u d y  o f  t h e  c o r r e l a t i o n  b e t w e e n  h a e m o l y m p h  c h a r a c t e r i s t i c s  
and th e  c o n d i t i o n  f a c t o r  i n  i m m a t u r e  p r a w n s  o f  P .  m o n o d o n  a n d  P .  
ind icus  f r o m  t h e  b r a c k i s h w a t e r  p o n d ,  no s i g n i f i c a n t  r e l a t i o n s h i p s  
were o b s e r v e d .
M u s c l e  c o m p o s i t i o n  d i d  n o t  v a r y  b e t w e e n  t h e  s e x e s  o f  P .  
monodon a n d  P .  i n d i c u s  i n  b r a c k i s h w a t e r .  In  t h e  m a r i n e
en v i ro n m en t  f e m a l e s  o f  M .  m o n o c e r o s  a n d  P .  i n d i c u s  w e r e  h a v i n g  
more p r o t e i n  t h a n  m a l e s  p e r h a p s  d u e  to  h i g h e r  m a t u r a t i o n  a c t i v i t y
in th e  f o r m e r .
M u s c l e  c o m p o s i t i o n  v a r i e d  s i g n i f i c a n t l y  b e t w e e n  M.  m o n o c e r o s
and P .  i n d i c u s  i n  m a r i n e  w a t e r  a n d  b e t w e e n  P .  m o n o d o n  a n d
ind icus  in b r a c k i s h w a t e r .  H i g h e r  w a t e r  c o n t e n t  w a s  r e c o r d e d  in  P .
ind icus  o b t a i n e d  f r o m  b r a c k i s h w a t e r  t h a n  in  P .  i n d i c u s  f r o m  t h e
. a r . n e  w a t e r ,  p e r h a p s  d u e  to  t h e  s m a l l e r  s i z e  o f  t h e  p r a w n s  in  t h e
former  e n v i r o n m e n t .  H i g h e r  p r o t e . n  l e v e l  w a s  r e c o r d e d   ^ i n  P .
+nf» m a r i n e  w a t e r  m i g h t  b e
ind icus  f r o m  t h e  b r a c k i s h w a t e r  t h a n
due to s u p o l e m e n t a r y  f e e d i n g  i n  t h e  f o r m e r  e n v i r o n m e n t .
.  f  m u s c l e  c o m p o s i t i o n  in  r e l a t i o n  to  c a r a p a c e
F ro m  t h e  s t u d y  o f  m u s c i  f
.  t  t h e r e  i s  no s i g n i f i c a n t  c o r r e l a t i o n
length i t  w a s  o b s e r v e d  t h a t
between m u s c l e  c o n s t i t u e n t s  a n d  c a r a p a c e  If-na+v. wl e n g t h  o i  M. m o n o c e ro s  an d
P .  in d ic u s  i n  m a r i n e  w a t e r .  SimlaT-i-,r ^  •
^ i m i a r i y ,  p r o t e i n  a n d  w a t e r  l e v e l s
have n o t  s h o w n  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  c a r a p a c e  l e n g t h  o f  P .  
monodon a n d  P .  i n d i c u s  i n  b r a c k i s h w a t e r  p o n d .  H o w e v e r ,
c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  h a v e  s h o w n  p o s i t i v e  c o r r e l a t i o n  w i t h  
the c a r a p a c e  l e n g t h  o f  P .  m onodon  a n d  P .  i n d i c u s  f r o m  t h e  
b r a c k i s h w a t e r  p o n d .
In t h e  m a r i n e  e n v i r o n m e n t ,  w a t e r ,  p r o t e i n  a n d  c a r b o h y d r a t e  
in the m u s c l e  o f  P .  i n d i c u s  s h o w e d  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
with w e i g h t  w h e r e a s  no s u c h  c o r r e l a t i o n  w a s  o b s e r v e d  i n  t h e  c a s e  
of M. coonoceros . In t h e  b r a c k i s h w a t e r ,  c a r b o h y d r a t e  a n d  l i p i d  
lev e ls  i n c r e a s e d  p o s i t i v e l y  w i t h  i n c r e a s e  i n  w e i g h t  o f  P .  monodon 
and P . i n d i c u s .
C o r r e l a t i o n  o f  m u s c l e  c h a r a c t e r i s t i c s  w i t h  c o n d i t i o n  f a c t o r  o f  
P. monodon a n d  P .  i n d i c u s  f r o m  t h e  b r a c k i s h w a t e r  p o n d s  h a s  
re v ea le d  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  a l l  m u s c l e  
c h a r a c t e r i s t i c s  a n d  c o n d i t i o n  f a c t o r .
A s t u d y  o f  i n t r a  a n d  i n t e r - r e l a t i o n s h i p s  o f  h a e m o l y m p h  a n d
muscle c h a r a c t e r i s t i c s  s h o w e d  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  p r o t e i n
and ca lc ium  c o n t e n t  o f  h a e m o l y m p h  i n  M . m o n o c e ro s  a n d  P .  i n d ic u s
fro™ . a r i n e  w a t e r .  T h e  c o r r e l a t i o n  w a s  n e g a t i v e  in  P .  m onodon a n d
TViis  m a v  b e  d u e  to p o s i t i v e
P. indicus from the brackishw ater.
, , J  ^^1^-inm l e v e l .  P o t a s s iu m  
co r re la t io n  b e t w e e n  p r o t e i n  l e v e l  a n d  o u n
content  w a s  n e g a t i v e l y  c o r r e l a t e d
d x e a  w i t h  p r o t e i n  c o n t e n t  in  M.
™ „oceros  a n d  P .  i ^ d i c u s  o f  m a r i n e  w a t e r ,  w h i l e  a  p o s U i v e  
c o r r e l a t i o n  w i t h  p r o t e i n  c o n t e n t  w a s  o b s e r v e d  i n  P .  m onodon a n d  P .  
i^dicus f r o m  t h e  b r a c k i s h w a t e r  e c o s y s t e m  c o n c u r r e n t  w i t h  a n e g a t i v e  
r e l a t i o n s h i p  b e t w e e n  p o t a s s i u m  a n d  c a l c i u m  l e v e l s .  A p o s i t i v e  
co r r e l a t i o n  b e t w e e n  p r o t e i n  c o n t e n t  a n d  c o p p e r  c o n t e n t  o f  h a e m o l y m p h  
was o b s e r v e d  i n  a l l  t h e  t h r e e  s p e c i e s  b e c a u s e  c o p p e r  i s  b o u n d  w i t h  
p ro te in  c o n t e n t  ( h a e m o c y a n i n ) i n  t h e  h a e m o l y m p h .
T h e  i n t r a -  c o r r e l a t i o n  s t u d y  o f  m u s c l e  c h a r a c t e r i s t i c s  
r e v e a l e d  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  w a t e r  l e v e l  a n d  l i p i d  l e v e l  of  
al l t h e  t h r e e  s p e c i e s  b e c a u s e  w a t e r  c o n t e n t  w a s  r e p l a c e d  b y  l i p i d  
content  in t h e  m u s c l e .  In  t h e  s t u d y  o f  i n t e r - r e l a t i o n s h i p s  b e t w e e n  
haemolymph c h a r a c t e r i s t i c s  a n d  m u s c l e  c h a r a c t e r i s t i c s  i t  w as  
o b s e r v e d  t h a t  t h e r e  w e r e  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  b e t w e e n  
muscle p r o t e i n  a n d  h a e m o l y m p h  p r o t e i n  o f  M. m o n o c e ro s  a n d  P .  
ind icus  in m a r i n e  e n v i r o n m e n t  a n d  p o s i t i v e  c o r r e l a t i o n s  b e t w e e n  t h e  
two p a r a m e t e r s  i n  t h e  c a s e  o f  P .  m o n o d o n  a n d  P .  i n d i c u s  in 
b r a c k i s h w a t e r .  I t  w a s  i n t e m r e t e d  t h a t  p r o t e i n  w a s  m o b i l i s e d  f ro m  
muscle to t h e  o v a r y  o r  t e s t e s  t h r o u g h  h a e m o l y m p h  i n  M.  m o n o c e r o s  
and P . i n d i c u s  i n  m a r i n e  w a t e r .  In P .  m onodon a n d  P .  i n d i c u s  of  
b r a c k i s h w a t e r  p r o t e i n  c o n t e n t  w a s  f o u n d  to  a c c u m u l a t e  i n  t h e  m u s c l e
from h a e m o l y m p h .
P r o t e . n  a n d  c a r b o h y d r a t e  c o n t e n s  i n  t h e  h a e m o l y m p h  s h o w e d  
an . n c r e a s t n g  t r e n d  d u r i n g  o v a r i a n  d e v e l o p m e n t  in  t h e  s t a n d a r d
prawn o f  M.  m o n o c e r o s  a n d  P .  i n d i c i i Q  r
x n a i c u s .  C o p p e r  l e v e l  s h o w e d  an
in c re a s in g  t r e n d  i n  P .  i n d i c u s  a n d  d e c rM c - i r . f r  + j  • w
i n g  t r e n d  i n  M,  m o n o c e r o s .
In a  s t a n d a r d  f e m a l e  p r a w n  o f  M .  m o n o c e r o s  a n d  P .  i n d i c u s  
abso lu te  v a l u e s  o f  w e i g h t ,  w a t e r  a n d  p r o t e i n  o f  m u s c l e  d e c r e a s e d  
w hereas  l i p i d  l e v e l  i n c r e a s e d  d u r i n g  o v a r i a n  d e v e l o p m e n t .  
C a r b o h y d r a t e  i n c r e a s e d  i n  P .  i n d i c u s  a n d  d e c r e a s e d  in  M.  m o n o c e r o s .
When c o m p o s i t i o n  o f  m u s c l e  o f  a  s t a n d a r d  p r a w n  o f  M. 
[Donoceros a n d  P .  i n d i c u s  on  p e r c e n t a g e  b a s i s  w a s  o b s e r v e d ,  w a t e r ,  
p ro te in  a n d  c a r b o h y d r a t e  l e v e l s  w e r e  f o u n d  to b e  d e c r e a s i n g  w i t h  
the a c c u m u l a t i n g  l i p i d  d u r i n g  o v a r i a n  d e v e l o p m e n t .
G o n a d  c h a r a c t e r s  ( a b s o l u t e  v a l u e s )  l i k e  w e i g h t ,  w a t e r ,  
p ro t e in ,  c a r b o h y d r a t e  a n d  l i p i d  s h o w e d  a n  i n c r e a s i n g  t r e n d  d u r i n g  
ovar ia n  d e v e l o p m e n t  in  f e m a l e s  o f  M. m o n o c e r o s  a n d  P .  i n d i c u s .  I t  
was o b s e r v e d  t h a t  p r o t e i n  e i t h e r  f r o m  t h e  m u s c l e  o r  f r o m  t h e  
haemolymph g e t s  m o b i l i s e d  to  t h e  g o n a d .
When b i o c h e m i c a l  c o m p o s i t i o n  o f  g o n a d  on p e r c e n t a g e  b a s i s  
was e x a m i n e d ,  w a t e r  d e c r e a s e d  f r o m  m a t u r i t y - s t a g e  I to  IV a n d  th e n  
in c r e a s e d ,  w h e r e a s  p r o t e i n ,  c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  i n c r e a s e d  
from r r a t u r i t y - s t a g e  I to  IV a n d  t h e n  d e c l i n e d .
A c o m p a r a t i v e  s t u d y  o f  g o n a d  c h a r a c t e r s  b e t w e e n  M. 
^ n o c e r o s  a n d  P .  i n d i c u s  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  
two s p e c . e s .  A l l  g o n a d  c h a r a c t e r s  w e r e  h i g h  i n  P .  i n d i c u s  t h a n  tn
M. m o n o c e r o s .  A l l  g o n a d  c h a r a c t e r s  i n c r e a s e d  in  f a s t e r  r a t e  in  P .
indicus t h a n  i n  M. m o n o c e r o s  d u e  to  d i f f e r e n c e  in  g r o w t h  r a t e  
between t h e  tw o  s p e c i e s .
When b i o c h e m i c a l  c o m p o s i t i o n  o f  g o n a d  on p e r c e n t a g e  b a s i s  
was o b s e r v e d ,  i t  w a s  f o u n d  t h a t  t h e  c o m p o s i t i o n  w a s  i d e n t i c a l  in 
m a t u r i t y ' S t a g e  I w h e r e a s  i n  m a t u r i t y —s t a g e  IV ,  m o r e  p r o t e i n  a n d  
c a r b o h y d r a t e  l e v e l s  w e r e  f o u n d  i n  M. m o n o c e ro s  t h a n  i n  P .  i n d i c u s .  
I t  may b e  d u e  to  r e l a t i v e l y  l o n g e r  d u r a t i o n  o f  t h e  e a r l y  l a r v a l  
d e v e lo o m e n t  in  M . m o n o c e r o s  t h a n  i n  P .  i n d i c u s .
H a e m o l y m p h  a n d  m u s c l e  c o m p o s i t i o n  o f  P .  njonodon a n d  P .  
indicus c u l t u r e d  d u r i n g  d i f f e r e n t  s e a s o n s  i n  t h e  b r a c k i s h  w a t e r
ponds w e r e  c o m p a r e d .  S t u d y  a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  t h a t  a l l  
haemolymph c h a r a c t e r i s t i c s  o f  P -  m onodon  a n d  P .  i n d i c u s  d i f f e r e d  
s i g n i f i c a n t l y .  M u s c l e  p r o t e i n  a n d  l i p i d  o f  P .  m onodon a n d
c a r b o h y d r a t e  a n d  l i p i d  l e v e l s  o f  P .  i n d i c u s  a l s o  d i f f e r e d  
s i g n i f i c a n t l y .  H i g h  v a l u e s  o f  p r o t e i n ,  c o p p e r  a n d  p o t a s s i u m  i n  t h e  
haemolymph o f  P .  m o n o d o n  a n d  P .  i n d i c u s  c o i n c i d e d  w i t h  t h e  
p re s en ce  o f  h i g h  h y d r o l o g i c a l  v a l u e s  d u r i n g  M a r c h ,  1985 .
V a r i a t i o n  i n  h a e m o l y m p h  a n d  m u s c l e  c o m p o s i t i o n  b e t w e e n  t h e
three  c r o p s  w a s  r e l a t e d  w i t h  t h e  c h a n g e s  i n  w a t e r  p a r a m e t e r s .  I t
■ H n .  s a l i n i t y  r a n g e  d u r i n g  D e c e m b e r  to 
was o b s e r v e d  t h a t  p r e v a i l i n g  s a i i n i x y
n f  P .  m onodon a n d  P -
March i s  n e a r e r  t o  t h e  i s o s m o t i c  p o i n t
f  p r o t e i n  a n d  c o p p e r  l e v e l s  i n  t h e  
ind icus  a n d  h i g h  v a l u e s  o P
haeiuolymph w e r e  o b s e r v e d  d u r i n g  t h i s  p e r i o d .  F r o m  t h i s
o b s e r v a t i o n  i t  w a s  c o n c l u d e d  t h a t  t h e  p e r i o d  f r o m  D e c e m b e r  to M arch  
is  i d e a l  to t a k e  u p  p r a w n  c u l t u r e  i n  b r a c k i s h w a t e r  p o n d s  a r o u n d  
Kakinada b a y .  H i g h  v a l u e s  o f  p o t a s s i u m  i n  t h e  h a e m o l y m p h  w as  
o b s e r v e d  a t  h i g h e r  s a l i n i t y  o f  t h e  p o n d  w a t e r .
R E F E R E N C E S
A b d . l  R a h a m a n ,  A.  1 9 6 6 .  R e p r o d u c t i v e  a n d  n u t r i t i o n a l  c y c l e s  of  
t h e  c r a b  P o r t u n u s  p e l a g i c u s  ( L i n n a e u s )  ( D e c a p o d a :  B r a c h y u r a )  
o f  t h e  M a d r a s  C o a s t .  P r o c .  I n d .  A c a d .  S c i . ,  6 5 : 7 6 - 8 2 ,
A d e g b o y e ,  D . ,  1 9 8 3 .  C a l c i u m  h o m e o s t a s i s  i n  t h e  c r a y f i s h .  5 th  
I n t .  S y m p .  o n  F r e s h w a t e r  c r a y f i s h  ( A b s t . ) ;  A V I .  W e s t  P o r t  
CT (USA) : 1 3 7 - 1 5 3 .
A d e g b o y e ,  J . O . D . ,  1 9 8 3 .  T h e  r e l a t i o n s h i p  b e t w e e n  m e d i u m  c a l c i u m  
a n d  h a e m o l y m p h  c a l c i u t n  c o n c e n t r a t i o n s  o f  t h e  c r a y f i s h  d u r i n g  
t h e  m i d - i n t e r m o u l t  s t a g e .  i b i d . ,  1 7 3 - 1 8 0 .
A d i y o d i ,  R . G .  a n d  S u b r a m o n i a m ,  T . ,  1 9 8 3 .  O o g e n e s i s ,  o o s o r p t i o n  
a n d  o v i p o s i t i o n  i n  c r u s t a c e a .  I n :  K . G .  A d i y o d i  a n d  R .G .  
A d i y o d i  ( E d s . )  R e p r o d u c t i v e  B i o l o g y  o f  I n v e r t e b r a t e s .  Jo h n  
W i l l e y  & S o n s  L t d . ,  L o n d o n .  V o l .  1: 4 4 3 - 4 9 5 .
Ameer H a m s a ,  K . M . S . ,  1 9 8 1 .  C h e m i c a l  c o m p o s i t i o n  o f  t h e  s w im m in g  
c r a b  P o r t u n u s  p e l a g i c u s  L i n n a e u s .  I n d i n  J -  F i s h . ,
2 5 ( U 2 ) (  1 9 7 8 )  : 2 6 8 - 2 7 0 .
Amsler ,  M . O .  a n d  G e o r g e ,  R . Y . ,  1 9 8 5 .  C h a n g e s  in  t h e  b i o c h e m i c a l  
c o m p o s i t i o n  o f  E u p h a u s i a  s u p e r b a  D ana  e m b r y o s  d u r i n g  e a r l y  
d e v e l o p m e n t .  P o l a r  B i o l . ,  4:  6 1 - 6 3 .
Anger, K . ,  1 9 8 6 .  C h a n g e s  o f  r e s p i r a t i o n  a n d  b i o m a s s  o f  s p i d e r  
c r a b  ( H y a s  a r a n e u s )  l a r v a e  d u r i n g  s t a r v a t i o n .  M a r .  B i o l . .
90;  2 6 1 - 2 6 9 .
Anger,  K. a n d  H a r n , s ,  J - .  1 9 9 0 .  E l e n ^ e n t a l  (CHN) a n d  p r o x i m a t e  
b i o c h e m i c a l  c o m p o s i t i o n  o f  d e c a p o d  c r u s t a c e a n  l a r v a e .  m p .
B i o c h e m .  P h y s i o l - ,  9 7 B :  6 9 - 8 0 .
w P i i s c h e l  C .  a n d  S c h o r n ,  F . ,  1983.  
Anger,  K . ,  L a a s c h ,  N . ,  P u s c h e  ,
^  r h f ^ m i c a l  c o m p o s i t i o n  o f  s p i d e r  c r a b  
C h a n g e s  i n  b i o m a s s  a n d  c h e m i c a  F
^ -in t h e  l a b o r a t o r y .  M a r .  t c o J . .  
( H y a s  a r a n e u s )  l a r v a e  r e a r e d
P r o g .  S e r . ,  1 2 ( 1 )  : 9 1 - 1 0 1 .
Appanna,  T . C .  a n d  D e v a d a t t a ,  S . C . ,  1 9 4 2 .  C o m p a r a t i v e  s t u d i e s  on 
t h e  n u t r i t i v e  v a l u e  o f  f i s h  a n d  p r a w n s  m u s c l e .  C u r r .  S c i . ,
11 : 3 3 3 - 3 3 5 .
Arurnugam, M.  a n d  R a v i n d r a n a t h , M . H . .  1 9 8 0 .  S i g n i f i c a n c e  o f  t h e  
v a r i a t i o n  i n  h a e m o l y m p h  c o p p e r - p r o t e i n  r a t i o  i n  t h e  c r a b ,  
S c y U a  s e r r a t a  ( F o r s k a l )  d u r i n g  d i f f e r e n t  h o u r s  o f  t h e  d a y .  
E x p e r i e n t i a ,  36(  11 ) :  1 3 0 6 - 1 3 0 7 .
Arumugam, M. a n d  R a v i n d r a n a t h , M . H . ,  1983 .  N a t u r e  an d
d i s t r i b u t i o n  o f  c o p p e r  i n  g r e e n  l a g o o n  c r a b  S c y U a  s e r r a t a  
( F o r s k a l ) .  J .  e x p .  m a r .  B i o l .  E c o l . ,  70 :  2 7 1 - 2 8 0 .
Asokan,  P . K .  a n d  G e o r g e ,  M . J . ,  1984 .  C o m p a r a t i v e  s t u d i e s  on 
p r o t e i n ,  c a r b o h y d r a t e  a n d  f a t  c o n t e n t s  in  P e n a e u s  i n d i c u s  
d u r i n g  o v a r i a n  m a t u r a t i o n  in  n a t u r e  a n d  i n d u c e d  m a t u r a t i o n  
e x p e r i m e n t s .  C M F R I * S P L .  P u b l . ,  19:  3 0 - 3 6 .
Ba lazs ,  G . H . ,  O l b r i c h .  S . E .  a n d  T u m b l e s o n ,  M . E . ,  1 9 7 4 .  Serum 
c o n s t i t u e n t s  o f  t h e  M a l a y s i a n  p r a w n  ( M a c r o b r a c h i u m  
r o s e n b e r g i i )  a n d  p i n k  s h r i m p  ( P e n a e u s  m a r g i n a t u s ) .  
A q u a c u l t u r e ,  3:  1 4 7 - 1 5 7 ,
Barnes ,  H . ,  1 9 6 5 .  S t u d i e s  i n  t h e  b i o c h e m i s t r y  o f  c i r r i p e d e  e g g s .
I .  C h a n g e s  i n  t h e  g e n e r a l  b i o c h e m i c a l  c o m p o s i t i o n  d u r i n g  
d e v e l o p m e n t  o f  B a l a n u s  b a l a n o i d e s  a n d  B .  b a l a n u s .  J .  m a r .  
b i d .  A s s .  U . K . ,  4 5 ;  3 2 1 - 3 3 9 .
Barnes ,  H . ,  B a r n e s .  M. a n d  F i n l a y s o n ,  D . M . .  1963 .  T h e  s e a s o n a l  
c h a n g e s  in  b o d y  w e i g h t ,  b i o c h e m i c a l  c o m p o s i t i o n  a n d  o x y g e n  
u p t a k e  o f  t w o  c o m m o n  b o r e o - a r c t i c  c i r r i p e d e s ,  B a l a n u s  
b a l a n o i d e s  ( L . )  a n d  B .  b a l a n u s  ( L . )  d a  C o s t a .  J -  - a r .
b i o l .  A s s .  U . K . ,  4 3 :  1 8 5 - 2 1 1 .
, T 1073 E s t i m a t i o n  o f  l i p i d s  in
B a rn e s ,  H. a n d  B l a c k s t o c k ,  •»
m a r i n e  a n i m a l s  a n d  t i s s u e s  . — ^ ^ .
s u l p h o p h o s p h o v a n i l l i n  n , e t h o d  f o r  ' t o t a l  l i p x d  .
m a r .  B i o l .  E c o l . ,  12= H 8 .
B ed fo rd .  J . J . ,  1 9 7 2 .  T h e  c o m p o s i t i o n  o f  t h e  b l o o d  o f  t h e  g r a p s i d  
c r a b ,  H e l i c e  c r a s s a  D a n a .  J .
Bedford ,  J . J .  a n d  L e a d e r ,  J . P . ,  1 9 7 7 . x h e  c o t i p o s i t i o n  o f  th e  
h a e m o l y m p h  a n d  m u s c l e  t i s s u e  o f  t h e  s h o r e  c r a b ,  
H e m ig r a p s u s  e d w a r d s i ,  e x p o s e d  to  d i f f e r e n t  s a l i n i t i e s .  
Cocrrp. B io c h e m .  P h y s i o l .  5 7 A ( 3 ) :  3 4 1 - 3 4 5 .
Bennet, J .  a n d  G i e s e ,  A . C . ,  1 9 5 5 .  T h e  a n n u a l  r e p r o d u c t i v e  a n d  
n u t r i t i o n a l  c y c l e s  i n  t w o  w e s t e r n  s e a - u r c h i n s .  B io l .  B u l l . ,  
109: 2 2 6 - 2 3 7 .
B o r g s t r o m ,G .1 9 6 2 .  S h e l l f i s h  p r o t e i n  -  n u t r i t i v e  a s p e c t s .  In : 
F i s h  a s  F o o d .  G e r o g e  B o r g s t r o m  ( E d . )  A c a d e m i c  P r e s s ,  New 
Y ork  a n d  L o n d o n ,  V o l .  I I :  1 1 5 - 1 4 7 .
Bottino,  N . R , ,  G e n n i t y ,  J . ,  L i l l y ,  M . L . ,  S i m m o n s ,  E .  a n d  F i n n e ,
G . ,  1 9 8 0 .  S e a s o n a l  a n d  n u t r i t i o n a l  e f f e c t s  on  t h e  f a t t y  
a c i d s  o f  t h r e e  s p e c i e s  o f  s h r i m p ,  P e n a e u s  s e t i f e r u s ,  P .  
a z te c u s  a n d  P .  d u o r a r u m .  A q u a c u l tu r e .  19: 1 3 9 - 1 4 8 .
Bursey,  C . R .  a n d  L a n e ,  G . E . ,  1 9 7 1 .  I o n i c  a n d  p r o t e i n
c o n c e n t r a t i o n  c h a n g e s  d u r i n g  t h e  m o l t  c y c l e  o f  P e n a e u s  
d u o r a r u m .  C o m p .  B i o c h e m .  P h y s i o l . ,  40A: 1 5 5 - 1 6 2 .
*Carus, D . G . G . ,  1 8 2 4 .  Von d e n  a u s s e r e n  L e b e n s b e d i n g  g ungen  d e r
w e i s s  a n d  k a l t b l u t i g e n  T h i e r e .  L e i p z i g .  8 0 - 8 7 .
Cauiton.  M .S .  a n d  B u r s e l l ,  E . ,  1 9 7 7 .  T h e  r e l a t i o n s h i p  b e t w e e n  
c h a n g e s  in  c o n d i t i o n  a n d  b o d y  c o m p o s i t i o n  in  y o u n g  T i l a p i a  
r e n d a l l i  B o u l e n g e r .  J .  F i s h .  B i o l . ,  H -  1^3
Cecca ld i .  H . . ' . ,  1 9 8 2 .  C o n t r i b u t i o n  o f  p h y s i o l o g y  a n d  b i o c h e  y
to p r o g r e s s  in  a q u a c u l t u r e .  B u U .  J a p a n .  S o c . S c i .
4 8 ( 8 ) :  1 0 1 1 - 1 0 2 8 .
C h ar i ,  S . T . ,  1 9 4 8 .  N u t r i t i v e  v a l u e  o f  = r
,  ^  ° f  t h e  w e s t  c o a s t
. a r . n e  f o o d  f . s h e s  o f  t h e  M a d r a s  P r o v i n c e .  I n d i a n  j .  M e d .  
R e s . ,  36: 2 5 3 - 2 5 9 ,
C la rk e ,  A . ,  1 9 7 7 .  S e a s o n a l  v a r i a t i o n s  i n  t h e  t o t a l  l i p i d  c o n t e n t  of  
C h o r i s m u s  a n t a r c t i c u s  ( P f e f f e r )  ( C r u s t a c e a  : D e c a p o d a )  a t  
S o u th  G e o r g i a .  J .  e x p .  m a r .  B i o l .  E c o l . ,  2 7 ( 1 ) :  9 3 - 1 0 6 .
C la rk e ,  A. a n d  W i c k i n s ,  J . F . ,  1 9 8 0 .  L i p i d  c o n t e n t  a n d  c o m p o s i t i o n  
o f  c u l t u r e d  P e n a e u s  m e r g u i e n s i s  f e d  w i t h  a n i m a l  f o o d .  
A q u a c u l t u r e ,  2 0 ( 1 ) :  1 7 - 2 7 .
Colvin ,  P . M . ,  1 9 7 6 .  T h e  e f f e c t  o f  s e l e c t e d  s e e d  o i l s  o n  t h e  f a t t y  
a c i d  c o m p o s i t i o n  a n d  g r o w t h  o f  P e n a e u s  i n d i c u s .  A q u a c u l t u r e  
8 : 8 1 - 8 9 .
C ru z - R i c q u e ,  L . E . ,  G u i l l a u m e  J .  a n d  Van W o r m h o u d t ,  A . ,  1989.  
E f f e c t  o f  s q u i d  e x t r a c t s  o n  t i m e  c o u r s e  a p p e a r a n c e  o f  
g l u c o s e  a n d  f r e e  a m i n o a c i d s  in  h a e m o l y m p h  i n  P e n a e u s  
j a p o n ic u s  a f t e r  f e e d i n g :  P r e l i m i n a r y  r e s u l t s .  A q u a c u l tu r e ,
76: 5 7 - 6 5 .
Dali,  W. ,  1964 .  S t u d i e s  o n  t h e  p h y s i o l o g y  o f  a  s h r i m p ,
M e t a p e n a e u s  m a s t e r s i i  ( H a s w e l l )  ( C r u s t a c e a  : D e c a p o d a  : 
P e n a e i d a e ) .  1.  B l o o d  c o n s t i t u e n t s .  A u s t .  J .  M a r .  F r e s h w .  
R e s . , 15:  1 4 5 - 1 6 1 .
Dali,  W. ,  1 9 6 5 a .  S t u d i e s  o n  t h e  p h y s i o l o g y  o f  a  s h r i m p ,
M e t a p e n a e u s  s p  . ( C r u s t a c e a : D e c a p o d a : P e n a e i d a e ) . IV.
C a r b o h y d r a t e  m e t a b o l i s m .  i b i d . ,  16:  1 6 3 - 1 8 0 .
DalU W. ,  1 9 6 5 b .  S t u d i e s  o n  t h e  p h y s i o l o g y  o f  a  s h r i m p ,
M e t a p e n a e u s  s p  . ( C r u s  t a c e a : D e c a p o d a : P e n a e i d a e ) .  V.  C a lc iu m
m e t a b o l i s m .  i b i d . ,  16 :  181 2 0 3 .
Dali. -,V 1 9 7 4 a .  O s m o t i c  a n d  i o n i c  r e g u l a t i o n  i n  t h e  w e s t e r n  r o c k  
l o b s t e r  P a n u l i r u s  l o n g i p e s  ( M i l n e  E d w a r d s ) .  J -  e x p .  n . a r .  
B i o l .  E c o l . ,  15:  9 7 - 1 2 5 .
Da.ll, W. , 1 9 7 4 b .  I n d i c e s  o f  n u t r i t i o n a l  s t a t e  i n  t h e  W e s t e r s o n  r o c k  
l o b s t e r ,  P a n u l i r u s  l o n g i p e s  ( M i l n e  E d w a r d s ) .  I ,  B l o o d  a n d  
t i s s u e  c o n s t i t u e n t s  a n d  w a t e r  c o n t e n t .  i b i d . ,  16:  1 6 7 -1 8 0 .
Dali ,  W . ,  1 9 7 5 .  B l o o d  c a r b o h y d r a t e s  in  t h e  W e s t e r n  r o c k  l o b s t e r ,  
Panu l i r u s  l o n g i p e s  ( M i l n e  E d w a r d s ) .  i b i d . ,  18: 2 2 7 - 2 3 8 .
Da li ,  W . ,  1 9 8 1 .  O s m o r e g u l a t o r y  a b i l i t y  a n d  j u v e n i l e  h a b i t a t  
p r e f e r e n c e  i i n  s o m e  p e n a e i d  p r a w n s .  i b i d . ,  54:  5 5 - 6 4 .
D a l i .  W. a n d  S m i t h ,  D . M . ,  1 9 8 1 .  I o n i c  r e g u l a t i o n  o f  f o u r  s p e c i e s  
o f  p e n a e i d  p r a w n .  i b i d . ,  55 :  2 1 9 - 2 3 2 .
D igby ,  P . S . B . ,  1 9 8 4 .  C a l c i f i c a t i o n  i n  t h e  s h o r e  c r a b ,  C a rc in u s  
m a e n a s  ( L . )  p H  a n d  t h e  p r e c i p i t a t i o n  o f  c a r b o n a t e s  f r o m  s e a  
w a t e r  a n d  b l o o d .  J -  m a r .  b i o l .  A s s o .  U .K . .  6 4 :  2 3 3 - 2 4 8 .
Diwan,  A . D .  a n d  L a x m i n a r a y a n a ,  A . ,  1 9 8 9 .  O s m o r e g u l a t o r y  a b i l i t y  
o f  P e n a e u s  i n d i c u s  H. M i l n e  E d w a r d s  in  r e l a t i o n  to v a r y i n g  
i n t e n s i t i e s .  P r o c .  I n d i a n  A c a d .  S c i . ,  98:  1 0 5 - 1 1 1 .
Diwan,  A . D . ,  L a x m i n a r a y a n a ,  A .  a n d  K a k a t i ,  V . S . ,  1989.
O s m o r e g u l a t o r y  a b i l i t y  o f  P e n a e u s  m onodon ( F a b r i c i u s )  xn 
r e l a t i o n  to v a r y i n g  s a l i n i t i e s .  I n d ia n  J .  F i s h . ,  3 6 ( 1 ) .
5 7 .
, 1  u  rr, R 1 9 7 4 .  R e p r o d u c t i v e  c y c l e  a n d  
Diwan,  A . D .  a n d  N a g a b h u s h a n a m , R .  ,
.1 n f  t h e  f r e s h  w a t e r  c r a o ,
b i o c h e m i c a l  c h a n g e s  i n  e  go 1 6 4 -1 7 6 .
B a r y t e l p h u s a  c u n i c u l a r i s  ( W e s t w o o d ) .  x b i d . . 2 1 ( 1 ) .
.  „  V. T  1 9 8 7 .  M o b i l i s a t i o n  o f  o r g a n i c  r e s e r v e s
" “ ^ ^ ■ ^ . “ a e - . t h e  p r a w n ,  -  M i lne
E d w a r d s ) .  I n d i a n  J .  M a r .  S c i . ,  16: 65-6  .
,  ,  S T h e  e f f e c t s  o f  f e e d i n g  a n d  s t a r v a t i o n  on
Djang:r .ah ,  J . S . ,  ‘ h e o a t o p a n c r e a s  a n d  on b l o o d
c o p p e r  i n  ^  ( F a b r i c i u s ) .  C o o ^ -
p r o t e i n s  o f  O r a n g o u  &
P h y s i o l . .  32 : 7 0 9 - 7 3 1 .
D u o o i s ,  M . .  G i l l e s ,  K . A . ,  H a m i l t o n ,  J . K . . R e b e r s , P . A .  a n d  S m i t h ,  F . , 
1 9 5 6 .  C o l o r i m e t r i c  m e t h o d  f o r  d e t e r m i n a t i o n  o f  s u g a r s  a n d  
r e l a t e d  s u b s t a n c e s .  A n a l y t .  C h e m . ,  28 :  3 5 0 - 3 5 6 .
Du P r e e z , H . H .  a n d  M c L a c h l a n ,  A . ,  1 9 8 3 .  S e a s o n a l  c h a n g e s  in  
D i o c h e m i c a l  c o m p o s i t i o n  a n d  e n e r g y  c o n t e n t  o f  t h e  t h r e e - s p o t  
s w i m m i n g  c r a b ,  O v a l i p e s  p u n c t a t u s  (De H aan )  ( C r u s t a c e a :  
B r a c h y u r a ) .  J .  e x p .  m a r .  B i o l .  E c o l . ,  7 2 ( 2 ) :  1 8 9 - 1 9 8 .
E a s t m a n - R e k s , S . B .  a n d  F i n g e r m a n ,  M . ,  1985 .  In  v i t r o  s y n t h e s i s  
o f  v i t e l l i n  b y  t h e  o v a r y  o f  t h e  f i d d l e r  c r a b ,  U c a  p u g i l a t o r .
J -  E x p .  Z o o l . ,  2 3 3 :  l i l - 1 1 6 .
F a i r ,  P . H .  a n d  S i c k ,  L . V . ,  1 9 8 2 .  S e ru m  a m in o  a c i d  c o n c e n t r a t i o n s  
d u r i g n  s t a r v a t i o n  i n  t h e  p r a w n ,  M a c r o b r a c h i u m  r o s e n b e r g i i ,  
an  an  i n d i c a t o r  o f  m e t a b o l i c  r e q u i r e m e n t s .  C o m p .  B i o c h e m .
P h y s i o l . ,  7 3 B ( 2 ) :  1 9 5 - 2 0 0 .
F a r m e r ,  A . S . D . ,  1 9 8 6 .  M o r p h o m e t r i c  r e l a t i o n s h i p s  o f  c o m m e r c i a l l y  
i m p o r t a n t  s p e c i e s  o f  p e n a e i d  s h r i m p  f r o m  t h e  A r a b i a n  G u l f .  
K u w a i t  B u l l e t i n  o f  M a r i n e  S c i e n c e s .  7 :  1 - 2 1 .
F e r g u s o n ,  C . F .  a n d  R a y m o n t .  1 9 7 4 .  B i o c h e m i c a l  s t u d i e s  on
m a r i n e  z o o p l a n k t o n  X I I .  F u r t h e r  i n v e s t i g a t i o n s  on  E u p h a u s i a  
s u p e r b a  D a n a .  J .  m a r .  b i o l .  A s s .  U . K . ,  54:  7 1 9 - 7 2 5 .
F e r r a r i s ,  R . P . .  E s t e p a .  D . P . .  L a d i a ,  J . M .  a n d  De J e s u s ,  E C  
1985 E f f e c t  o f  s a l i n i t y  on t h e  o s m o t i c ,  c h l o r i d e ,
p „ t e i n  a n d  c a l c i u m  c o n c e n t r a t i o n s  in  t h e  h a e m o l y m p h  o f  t h e  
P e n a e u s  a . o n o d o n  ( F a b r i c i u s ) .  C o o ^ -  B . o c h e . .
p h y s i o l . ,  8 3 A ( 4 ) :  7 0 1 - 7 0 8 .
^  I 9 6 0  B l o o d  c h e m i s t r y .  In : T h e  P h y s i o l o g y  o f
F l o r . < i n ,  M . ,  I 9 6 0 .  A c a d e m i c  P r e s s ,  New Y o r k ,
C r u s t a c e a ,  T . H .  W a t e r m a n  ( E d . ) ,  A cad em
1 4 1 - 1 5 9 .  ,
T 1974 C h a r a c t e r i z a t i o n  a n d
° r r c " u s t a c e l l  l i p o v i t e l l i n . C o o ^ -  B i o c h e m .  
q u a n t i f i c a t i o n  o f
P h y s i o l . ,  4 7 B :  8 5 1 - 8 6 7 .
G e o rg e .  J . C .  a n d  P a t e l ,  B . S . ,  1 9 5 6 .  T h e  s e a s o n a l  v a r i a t i o n  in  f a t  
c o n t e n t  o f  t h e  l i v e r  a n d  g o n a d s  in  a  m a r i n e  a n d  f r e s h w a t e r  
d e c a p o d .  J .  A n im .  M o r p h -  P h y s i o l - ,  3: 4 9 - 5 5 .
G e o rg e ,  K . V . ,  1 9 7 8 .  P r a w n  f a r m i n g .  CM FRI. S p l -  P u b l . ,  3: 116-
1 2 1 .
G e o rg e ,  M . J . ,  1 9 5 9 .  N o t e s  on  t h e  b i o n o m i c s  o f  t h e  p r a w n
M e ta p e n a e u s  m o n o c e r o s  F a b r i c i u s .  In d ia n  J .  F i s h . ,  6 ( 2 ) :  
2 6 8 - 2 7 9 .
G e o rg e ,  M . J . ,  1 9 7 0 a .  S y n o p s i s  o f  b i o l o g i c a l  d a t a  on  t h e  p e n a e i d  
o r a w n  M e ta p e n a e u s  d o b s o n i  ( M i e r s ,  1 8 7 8 ) .  F .A .O .  F i s h .  
Rep-_, 5 7 ( 4 ) :  1 3 3 5 - 1 3 5 8 .
G e o rg e ,  M . J . ,  1 9 7 0 b .  S y n o p s i s  o f  b i o l o g i c a l  d a t a  on t h e  p e n a e i d  
p r a w n  M e ta p e n a e u s  a f f i n i s  ( H .  M i l n e  E d w a r d s ,  1 8 3 7 ) .  i b i d . ,
5 7 ( 4 ) :  1 3 5 9 - 1 3 7 5 .
G e o rg e ,  M . J . ,  1 9 7 0 c .  S y n o p s i s  o f  b i o l o g i c a l  d a t a  on t h e  p e n a e i d  
o r a w n  M e ta p e n a e u s  m o n o c e r o s  ( F a b r i c i u s ,  1 7 9 8 ) .  i b i d . ,  5 7 ( 4 ) :  
1 5 3 9 - 1 5 5 7 .
G e o rg e .  M . J . ,  1 9 7 2 .  On t h e  f o o d  a n d  f e e d i n g  h a b i t s  o f  M e ta p e n a eu s  
m o n o c e ro s  ( F a b r i c i u s ) .  C o a s t a l  a q u a c u l t a r e  in  t h e  I n d o -
p a c i f i c  r e g i o n .  T . V . R .  P i U a y  ( E d . ) ,  F i s h i n g  News  B o o k s
( L o n d o n ) : 1 7 8 P  .
. , . 1 1  T TQ/iR A s t u d y  o f  t h e  b l o o d  o f  s o m e  
G e o r g e .  W . C .  a n d  N i c h o l s ,  J . ,  1 ^ 4 8 .  A
c r u s t a c e a .  J -  M o r p h .  8 3 :  4 2 5 - 4 4 0 .
G ib s o n ,  R .  a n d  B a r k e r ,  P . L . ,  1 9 7 9 .  T h e  d e c a p o d  h e p a t o p a n c r e a s .
O c e a n o g r .  M a r .  B i o l .  A nn . R e v . ,  17: 2 8 5 -3 4 6 .
b l o o d  o f  t h e  s h o r e
A R 1 9 5 9 .  T h e  c o m p o s i t i o n  o f  
G i l b e r . ,  A . B . ,  r e l a t i o n  to s e x  a n d  b o d y
c r a b ,  C a r c in u s  m a e n a s  P e n n a n t ,
3 , . e .  I I .  B l o o d  c h l o r i d e  a n d  s u l p h a t e .  J .  e x p .  B . o l . ,  
3 5 6 - 3 6 2 .
G o p a k u m a r ,  K.  a n d  N a i r ,  M . R . ,  1 9 7 5 ,  L i p i d  c o m p o s i t i o n  o f  f i v e  
s p e c i e s  o f  I n d i a n  P r a w n .  J .  S c i .  F o o d j A g r i c . ,  2 6 :  3 1 9 - 3 2 5 .
G o p a l a k r i s h n a n , V . ,  1 9 5 1 .  A n o t e  on  t h e  c h e m i c a l  c o m p o s i t i o n  o f  
t h e  p e n a e i d  p r a w n s  o f  M a d r a s .  C u r r .  S c i . ,  20 ;  3 3 1 .
G o r n a l l ,  A . G . ,  B a r d a w i l l ,  C . J .  a n d  D a v i d ,  M . M . ,  1949 .
D e t e r m i n a t i o n  o f  t o t a l  s e r u m  p r o t e i n  b y  m e a n s  o f  b i u r e t  
r e a c t i o n .  J .  B i o l .  C h e m - ,  177 :  7 5 1 - 7 6 6 .
H a g e r m a n ,  L . ,  1 9 8 3 .  H a e m o c y a n i n  c o n c e n t r a t i o n  o f  j u v e n i l e  l o b s t e r s  
( H o m a r u s  g a m m a r u s )  in  r e l a t i o n  to  m o u l t i n g  c y c l e  a n d  f e e d i n g  
c o n d i t i o n s .  M a r .  B i o l . ,  7 7 ( 1 ) :  1 1 - 1 7 .
H a l l ,  D . N . F . ,  1 9 6 2 .  O b s e r v a t i o n s  on  t h e  t a x o n o m y  a n d  b i o l o g y  of 
s o m e  I n d o - w e s t  p a c i f i c  p e a n e i d a e  ( C r u s t a c e a  : D e c a p o d a ) .  
F i s h .  P u b l .  C o l o n i a l .  O f f . ,  L o n d o n ,  17: 1 - 2 2 9 .
H a r t n o l l , ,  R . G . ,  1 9 8 2 .  " G r o w t h " .  In : B i o l o g y  o f  C r u s t a c e a .
D o r o t h y  E ,  B l i s s  ( E d . ) ,  2:  1 1 1 - 1 9 6 .
H a y a s h i ,  K . ,  1 9 7 6 .  T h e  l i p i d s  o f  m a r i n e  a n i m a l s  f r o m  v a r i o u s  
h a b i t a t  d e p t h s .  6 . On t h e  c h a r a c t e r i s t i c s  o f  t h e  f a t t y  a c i d  
c o m p o s i t i o n  o f  n e u t r a l  l i p i d s  f r o m  d e c a p o d s .  B u l l .  F a c .  
F i s h .  H o k k a id o  U n i v . ,  2 7 ( 1 ) :  2 1 - 2 9 .
H o rn  E . C .  a n d  K e r r ,  M . S . ,  1 9 6 3 .  H e m o ly m p h  p r o t e i n  a n d  c o p p e r  
c o n c e n t r a t i o n s  o f  a d u l t  b l u e  c r a b s  ( C a l l i n e c t e s  s a p i d u s  
R a t h b u n ) .  B i o l .  B u l l . ,  125:  4 9 9 - 5 0 7 .
I w a t a  J .  a n d  S h i g u e n o , K . ,  1 9 8 0 .  O s m o t i c  c o n c e n t r a t i o n  o f  
’ h e m o l y m p h  i n  v a r i o u s  g r o w t h  s t a g e s  o f  P e n a e u s  i a p o n i c u s .  
B u l l .  J a p .  S o c .  S c i .  F i s h . ,  46 :  1547.
I T -  V 1983 S e a s o n a l  c h a n g e s  in 
T  ^ V A r i t a  T .  a n d  l i n o ,  K . ,
I w a t a ,  K . ,  A r i t a ,  ( C r u s t a c e a  : O c y p o d i d a e )
e n e r g y  r e s e r v e s  o f  S c o p im e r a  g lo b o s a  ( C r u s t a c e a  y p
, , e c i a l  r e f e r e n c e  to  t t s  w a n d e r i n g  b e h a v i o r .  Zool. 
M g .,  9 2 ( 3 ) :  3 0 6 - 3 1 6 .
J a c o b i ,  C . C .  a n d  A n g e r ,  K . ,  1 9 8 5 .  G r o w t h  a n d  r e s p i r a t i o n  d u r i n g  
t h e  l a r v a l  d e v e l o p n : i e n t  o f  H y a s  c o a r c t a t u s  ( D e c a p o d a  : 
M a i i d a e ) .  M a r .  B i o l . ,  8 7 :  1 7 3 - 1 8 0 .
J o h n s o n ,  J . T .  a n d  H o p k i n s ,  T . L . ,  1 9 7 8 .  B i o c h e m i c a l  c o m p o n e n t s  of 
t h e  m y s i d  s h r i m p  T a p h r o m y s i s  b ow m an i B a c e s c u .  J .  e x p .  
m a r .  B i o l .  E c o l . ,  3 1 :  1 - 9 .
K a n a z a w a ,  A . ,  T e s h i m a ,  S . ,  S a k a m o t o ,  Y . ,  G u a r y ,  J . C . B . ,  1976.
T h e  v a r a t i o n  o f  l i p i d s  a n d  c h o l e s t e r o l  c o n t e n t s  in  t h e  t i s s u e s  
o f  p r a w n ,  P e n a e u s  j a p o n i c u s  d u r i n g  t h e  m o l t i n g  c y c l e .  B u l l .  
J a p .  S e e .  S c i .  F i s h . ,  4 2 ( 9 ) :  1 0 0 3 - 1 0 0 7 .
K a n n an ,  K. a n d  R a v l n d r a n a t h , M . H . ,  1980 .  C h a n g e s  in  p r o t e i n -  
c a l c i u m  a s s o c i a t i o n  d u r i n g  d i f f e r e n t  h o u r s  o f  a  d a y  in  t h e
h a e m o l y m p h  o f  t h e  c r a b  S c y l l a  s e r r a t a  ( F o r s k a l ) .  
E x p e r i e n t i a .  3 6 ( 8 ) :  9 6 5 - 9 6 6 .
K a n n an ,  K. a n d  R a v i n d r a n a  t h , M . H . ,  1 9 8 1 .  ' C a l c i u m ' .  In:  M anua l  
o f  R e s e a r c h  m e t h o d s  f o r  c r u s t a c e a n  b i o c h e m i s t r y  a n d  
p h y s i o l o g y .  , C M F R I .  S p l .  P u b l - ,  7 :  7 7 - 8 7 .
k a n n u o a n d i .  T .  a n d  P a u l p a n d i a n ,  A . L . ,  1975 .  S t u d i e s  on  t h e  b l o o d  
a n d  m u s c l e  p r o t e i n s  o f  c r a b s  o f  P o r t o  N o v o .  B u l l .  D e p .  
M a r .  S c i . ,  U n i v e r s i t y  o f  C o c h i n ,  7 ( 3 ) :  6 0 9 - 6 2 2 .
K e r r ,  M . S . ,  1 9 6 9 .  T h e  h e m o l y m p h  p r o t e i n s  o f  t h e  b l u e  c r a b ,  
C a l l i ^ e c t e s  s a p i d u s .  I I .  A l i p o p r o t e i n  s e r o l o g i c a l l y  i d e n t i c a l  
to  o o c y t e  l i p o v i t e l l i n . D e v e l o p .  B i o l . ,  20;  1 - 1 7 .
K o b a y a s h i ,  M . ,  1 9 8 2 .  I n f l u e n c e  o f  b o d y  s i z e  on  h a e m o g l o b i n
c o n c e n t r a t i o n  a n d  r e s i s t a n c e  to  o x y g e n  d e f i c i e n c y  in  D a p h n i a  
m a g n a .  C o m p .  B i o c h e m .  P h y s i o l . ,  7 2 A ( 3 ) :  5
K r i , h „ a » o o r t h y .  R . V . .  V e n k a t a r a . a i a h , A . ,  L a k s h m . ,  G . J .  an d
.  1082 E f f e c t s  o f  s t a r v a t i o n  a n d  o f  a l g a  
P a t r i c i a  B i e s i o t .  ,
u 1 foy-ol l e v e l s  in c o m m e r c i a l  s h r i m p  f e e d i n g  on  t h e  t i s s u e  c h o l e s t e r o l  l e v e l s
T =; P r o c  S y m p -  C o a s t a l  A q u a c u l t u r e . ,  
P e n a e u s  a z t e c u s  I v e s .  P r o c .
2 1 5 - 2 2 2 .
K u l k a r n i ,  G . K .  a n d  N a g a b h u s h a n a m , R . ,  1 9 7 9 .  M o b i l i z a t i o n  o f  
o r g a n i c  r e s e r v e s  d u r i n g  o v a r i a n  d e v e l o p m e n t  i n  a  m a r i n e  
o e n a e i d  p r a w n ,  P a r a p e n a e o p s i s  h a r d w i c k i i  ( M i e r s )  ( C r u s t a c e a :  
D e c a p o d a :  P e n a e i d a e ) .  A q u a c u l t u r e . ,  18: 3 7 3 - 3 7 7 .
K u l k a m i ,  G . K . ,  N a g a b h u s h a n a m ,  R .  a n d  J o s h i ,  P . K . ,  1 9 8 0 .  B l o o d  
g l u c o s e  i n  m a r i n e  p e n a e i d  p r a w n  P a r a p e n a e o p s i s  h a r d w i c k i i  : 
C i r c a d i a n  r h y t h m i c i t y  a n d  i n f l u e n c e  o f  s a l i n i t y .  I n d ia n  J .  
M a r .  S c i . ,  9 ( 2 ) :  1 2 6 - 1 2 7 .
K u l k a r n i ,  K . M . ,  1 9 8 4 .  O s m o t i c  a n d  i o n i c  r e g u l a t i o n  d u r i n g  t h e  
m o u l t i n g  c y c l e  o f  t h e  s a n d  c r a b ,  E m e r i t a  h o l t h u i s i .  C om p. 
P h y s i o l .  E c o l . ,  9 : 3 4 0 - 3 4 2 .
K u r i a n ,  C . V .  a n d  S e b a s t i a n ,  V . O . ,  1 9 7 5 .  P ra w n  a n d  P r a w n  f i s h e r i e s  
o f  I n d i a .  H i n d u s t h a n  P u b l i s h i n g  C o r p o r a t i o n  ( I n d i a ) :  286 p .
L a l i t h a  D e v i . S  1 9 8 9 .  O b s e r v a t i o n  on  t h e  f i s h e r y  a n d  b i o l o g y  o f  
p e n a e i d  p r a w n s  f r o m  G o d a v a r i  e s t u a r y .  I n d i a n  J .  F i s h . ,
3 5 ( 1 ) :  5 2 - 6 3 .
L a w r e n c e ,  J . M . ,  1 9 7 6 .  O r g a n i c  c o m p o s i t i o n  a n d  e n e r g y  c o n t e n t  o f  
t h e  h e p a t o p a n c r e a s  o f  t h e  h e r m i t  c r a b s  ( C o e n o b i t a )  f r o m  
E n i w e t o k  A t o l l , ,  M a r s h a l l  I s l a n d s  ( D e c a p o d a  : P a g u r i d e a ) . 
C r u s t a c e a n a ,  3 1 ( 2 ) :  1 1 3 - 1 1 8 .
* L e  C r e n  E D. , 1 9 5 1 .  T h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  a n d  s e a s o n a l  
c y c l e  in  g o n a d  w e i g h t  a n d  c o n d i t i o n  i n  p e r c h  ( P e r e a  
f l u v i a t U i s ) .  J .  A n im . E c o l . ,  20:  2 0 1 - 2 1 9 .
L e o n e ,  C . A . ,  1953 . P r e l i m i n a r y  o b s e r v a t i o n s  on  i n t r a s p e c i f i c
v a r i a t i o n  o f  t h e  l e v e l  o f  t o t a l  p r o t e i n  in  t h e  s e r a  o f  s o m e  
d e c a p o d  Crustacea. S c i e n c e ,  1 1 8 .  295 29 6 .
^  r  y. H P  1 9 7 3 .  C r a y f i s h  v e n t r a l  n e r v e  c o r d  a n d
o f  f r e e  a m i n o a c i d s  a n d  o t h e r m e t a b o l i t e s , 
h a e m o l y m p h  : c o n t e n t  o f  t r e e
C o m p . B i o c h e m .  P h y s i o l .  4 5 B ( D -  249
L i n . S
L o c k h e a d ,  J . R .  a n d  L o c k h e a d ,  M . S . ,  1941 .  On t h e  b l o o d  a n d  
r e l a t e d  t i s s u e s  i n  a r t e m i a  ( C r u s t a c e a  ; A n o s t r a c a ) .  J .  
M o r p h . ,  6 8 : 5 9 3 - 6 3 1 .
L o ck  W o o d ,  A . P . M .  a n d  I n m a n ,  C . B . E . ,  1973 .  T h e  b l o o d  v o l u m e  o f  
s o m e  a m p h i p o d  c r u s t a c e a n s  in  r e l a t i o n  to  t h e  s a l i n i t y  o f  t h e  
e n v i r o n m e n t  t h e  i n h a b i t .  C o m p .  B i o c h e m .  P h y s i o l . ,  4 4 A ( 3 ) :  
9 3 5 - 9 4 1 .
L u c u ,  C . ,  1 9 9 0 .  I o n i c  r e g u l a t o r y  m e c h a n i s m s  in  c r u s t a c e a n  g i l l  
e p i t h e l i a .  i b i d . ,  97A:  2 9 7 - 3 0 6 ,
L u i ,  C . W . ,  S a g e ,  B . A .  a n d  O ' C o n n o r ,  J . D . ,  1974 .  B i o s y n t h e s i s  o f  
l i p o v i t e l l i n  b y  t h e  C r u s t a c e a n  o v a r y ,  J .  E x p . Z o o l . ,  188;  2 8 9 -
2 9 6 .
M a g h r a b y ,  A . M . ,  E z z a t ,  A.  a n d  T a b a k a l ,  T . ,  1 9 7 6 .  B i o c h e m i c a l  
c o m p o s i t i o n  o f  M e t a p e n a e u s  m o n o c e r o s  in  E g y p  t i a n  
M e d i t e r r a n e a n  w a t e r s .  Ra p p .  P . V . R e u m .  C o n s .  I n t .  E x p l o r .
M e r . ,  2 3 :  7 5 - 7 8 .
M angum ,  C . P . ,  1 9 8 3 .  O x y g e n  t r a n s p o r t  in  t h e  b l o o d .  In :  B i o l o g y  
o f  C r u s t a c e a ,  D o r o t h y  E .  B l i s s  ( E d . ) ,  5;  373 4 2 9 .
M a r t i n ,  B . J . ,  1 9 8 0 .  G r o w t h  a n d  f a t t y  a c i d s  o f  P a l a e m o n  s e r r t u s
( C r u s t a c e a  : D e c a p o d a )  f e d  w i t h  c o m p o u n d e d  d i e t s  c o n t a i n i n g
d i f f e r e n t  p r o p o r t i o n s  o f  l i n o l e i c  a n d  l i n o l e n i c
A q u a c u l t u r e ,  19 :  3 2 5 - 3 3 7 .
J  L R 1 9 6 9 .  T h e  b i o l o g y  o f  E u p h a u s i d s .
M a u c h l i n e ,  J .  a n d  F i s h e r ,  •
A d v .  m a r -  B i o l - ,  7 :  1 - 4 5 4 .
„  1 9 5 3 , O s m o t i c  a n d  i o n i c
M c F a r l a n d ,  W. N .  a n d  e e ,  * ^  T e x a s  C o a s t ,
c o n c e n t r a t i o n s  o f  p e n a e i d e a n  s h r i . o s  o f
B u l l .  m a r .  S c i .  G u l f  C a r i b b . ,  13:  3 9 1 -4 1 7 .
h i o l o c ^ i c a l  d a t a  on t h e  j u m b o
M o h a m e d .  K . H . ,  F a b r i c i ° u s ,  1798 .  F . A . O .  F i s h ,
t i g e r  p r a w n ,  F e n a e u &
R e p . ,  5 7 ( 4 ) :  1 2 5 1 - 1 2 6 6 .
M o h a m e d ,  K . H . ,  1 9 7 0 b .  S y n o p s i s  o f  b i o l o g i c a l  d a t a  o n  t h e  I n d i a n  
p r a w n  P e n a e u s  i n d i c u s  H .  M i l n e  E d w a r d s ,  1837 .  F . A . O .  
F i s h .  R e p . .  5 7 ( 4 ) ;  1 2 6 7 - 1 2 8 8 .
M o h a m e d ,  K . H . ,  M u t h u ,  M . S . ,  P i l l a i ,  N . N.  a n d  G e r o g e ,  K . V . ,  1979 .
L a r v a l  d e v e l o p m e n t  o f  M e ta p e n a e u s  m o n o ce ro s  ( F a b r i c i u s )  In:  
L a r v a l  d e v e l o p m e n t  o f  I n d i a n  P e n a e i d  p r a w n s .  B u l l .  C e n t .  
M a r ,  F i s h .  R e s .  I n s t - ,  28 :  5 0 - 6 0 .
" M u n o z ,  P .  a n d  C e c c a l d i ,  H . J . ,  1 9 8 3 .  E f f e c t s  d u  j e u n e  s u r  l e s s  
p r o t e i n e s  d e  1 '  h e m o l y m p h e  d e  P en aeu s  j a p o n ic u s .  RAPP:  
P . -  V.  REUN. C I E S M . ,  28 :  3 4 1 - 3 4 4 .
M u t h u ,  M . S . ,  P i l l a i ,  N . N .  a n d  G e o r g e ,  K . V . ,  1979 .  L a r v a l  
d e v e l o p m e n t  o f  P e n a e u s  i n d i c u s  H. M ilne  E d w a r d s .  In :  L a r v a l  
d e v e l o p m e n t  o f  I n d i a n  p e n a e i d  p r a w n s .  B u l l .  C e n t ,  M ar. 
F i s h -  R e s .  I n s t - ,  28 :  1 2 - 2 2 .
N a g a b h u s h a n a m ,  R.  a n d  K u l k a r n i ,  G . K . ,  1982.  E n d o c r i n e
r e g u l a U o r .  o f  r e p r o d u c t i o n  i n  t h e  m a r i n e  f e m a l e  p r a w n  
P a r a p e n a e o p s i s  h a r d w i c k i i  ( M i e r s )  ( C r u s t a c e a  ; D e c a p o d a  : 
P e n a e i d a e ) .  P r o c .  S y m p .  C o a s t a l  A q u a c u l tu re ,  1:
4 0 - 4 7 .
N a l i n i ,  C . ,  1976 .  O b s e r v a t i o n s  on  t h e  m a t u r i t y  a n d  s p a w n i n g  of 
M e ta p e n a e u s  m o n o c e r o s  ( F a b r i c i u s )  a t  C o c h i n .  In d ia n  
F i s h . ,  2 3 ( 1 &2 ) ;  2 3 - 3 0 .
N a m m a l w a r ,  P . ,  1 9 7 8 .  B l o o d  s u g a r  e s t i m a t i o n  in  t h e  
S c y l l a  s e r r a t a  ( F o r s k a l ) .  S c i .  C u l t . ,  4 4 ( 1 2 ) ;
O h i d a l i a .  W . ,  V e n d r e l y ,  R - .  M o n t m o r y ,  C .  ,
B r o u a r d ,  M . O . .  1 9 8 1 .  C o a g u l a t i o n  i n  d e c a p o d  c r u s t a c e a
c o m p a r a t i v e  s t u d y  o f  t h e  c l o t t i n g  p r o c e s s  in  s p e c i e s  g r o u p
A B a n d  C .  J -  C o m p . P h y s i o l . ,  1 4 2 ( 4 ) :  473
O ' L e a r y ’ C . D .  a n d  M a t t h e w s ,  A . D . .  1990 .  L i p i d  c l a s s  d i s t r i b u t i o n .
n o f  W i l d  a n d  f a r m e d ,  P e n a e u s  m onodon
f a t t y  a c i d  c o m p o s i t i o n
( F a b r i c i u s ) ,  A q u a c u l t u r e ,  8 9 ;  6 5 - 8 1 .
P a n i k k a r ,  N . K . ,  1 9 5 1 .  P h y s i o l o g i c a l  a s p e c t s  o f  a d a p t a t i o n  to 
e s t u a r i n e  c o n d i t i o n s .  P r o c .  I n d o - p a c i f i c  F i s h .  C k juncil
( 1 9 5 0 ) ,  C r o n u l l a ,  N . S . W . ,  A u s t r a l i a .  S e c t .  3 : 1 6 8 - 1 7 5 .
P a n i k k a r ,  N . K . ,  1 9 6 8 .  O s m o t i c  b e h a v i o u r  o f  s h r i m p s  a n d  p r a w n s  in  
r e l a t i o n  to  t h e i r  b i o l o g y  a n d  c u l t u r e .  F . A . O .  F i s h .  R e p . ,
57 :  5 2 7 - 5 3 8 .
P a n i k k a r ,  N . K .  a n d  V i s w a n a t h a n ,  R . ,  1948 .  A c t i v e  r e g u l a t i o n  o f  
c h l o r i d e  i n  M e t a p e n a e u s  m o n o c e r o s  F a b r i c i u s .  N a t u r e ,  161 :  
1 3 7 - 1 3 8 .
P e a r s e ,  J . S .  a n d  G i e s e ,  A . C . ,  1 9 6 6 .  T h e  o r g a n i c  c o n s t i t u t i o n  o f  
s e v e r a l  b e n t h o n i c  i n v e r t e b r a t e s  f r o m  M cM urdo  s o u n d  
A n t a r c t i c a .  C o m p .  B i o c h e m .  P h y s i o l .  18: 4 7 - 5 7 .
P e n n ,  J . W . ,  1 9 8 0 .  O b s e r v a t i o n s  on l e n g t h - w e i g h t  r e l a t i o n s h i p  a n d  
d i s t r i b u t i o n  o f  t h e  r e d  s p o t  k i n g  p r a w n ,  P e n a e u s  l o n g i s t y l u s  
K u b o ,  i n  W e s t e r n  A u s t r a l i a n  w a t e r s .  A u s t .  J .  M a r .  F r e s h w .  
R e s . 3 1 ( 4 ) ;  5 4 7 .
P e n n ,  J . W .  a n d  H a l l ,  N . G . ,  1 9 7 4 .  M o r p h o m e t r i c  d a t a  r e l a t i n g  to 
c o m m e r c i a l  p r a w n s  f r o m  s h a r k  b a y ,  W e s t e r n  A u s t r a l i a .  F i s h .
R e s -  B u l l . ,  15 :  1 - 1 2 .
K r- A R 1979 .  B l o o d  p r o t e i n sP e q u e u x ,  A . ,  V a l l o t a ,  A . C .  a n d  G i l l e s ,  K . ,  H
a s  r e l a t e d  to  o s m o r e g u l a t i o n  in  c r u s t a c e a .  C o m p .  B i o c h e m .  
P h y s i o l . ,  6 4 A ( 3 ) :  4 3 3 - 4 3 5 .
, ■ M R  1 9 7 1  T h e  r e p r o d u c t i v e  c y c l e  o f
P i l l a y ,  K . K .  a n d  N a i r ,  N . B . ,   ^ .
t h r e e  d e c a p o d  c r u s t a c e a n s  f r o m  t h e  s o u t h - w e s t  c o a s t  o f  
C u r r .  S c i . ,  4 0 :  1 6 1 - 1 6 2 .
P i l l a y ,  K . K .  a n d  N a i r ,  N . B . .  1973 .  O b s e r v a t i o n s  on t h e  
b i o c h e m i c a l  c h a n g e s  i n  g o n a d s  a n d  o t h e r  o r g a n s  o ^  U c a  
a n o u U p e s ,  P o r t u n u s  p e l a g i c u s  a n d  M e ta p e n a e u s  
( D e c a p o d a  = C r u s t a c e a )  d u r i n g  t h e  r e p r o d u c t i v e  c y c l e .  M a r .
B i o l . ,  18: 1 6 7 - 1 9 8 .
R a j a ,  P . V . ,  R a v i n d r a n a t h , M , H .  a n d  R a m a l i n g a m ,  K . ,  1 9 7 6 .  S t u d i e s  
on  a u t o t o m y  i n  c r u s t a c e a n s .  I I ,  C h a n g e s  in  h a e m o l y m D h  
s u g a r s  o f  s h o r e  c r a b ,  O c y p o d e  p l a t y t a r s i s  i n  r e s p o n s e  to 
a u t o t o m y  a n d  b l e e d i n g  s t r e s s .  P h y s i o l .  Z o o l . ,  4 9 ( 4 ) :  3 8 9 -
397.
R a j a m a n i ,  M . ,  1 9 8 2 .  B i o c h e m i c a l  s t u d i e s  on ' s o f t '  p r a w n s :  I .
P r o t e i n ,  n i t r o g e n  a n d  n o n - p r o t e i n  n i t r o g e n  c o n t e n t s  in P e n a e u s  
i n d i c u s .  P r o c .  S y m p .  C o a s t a l  A q u a c u l tu r e ,  M . B . A . I . ,  1:  3 4 9 -  
3 5 3 .
R a j y a l a k s h m i ,  T . ,  1 9 6 1 .  O b s e r v a t i o n s  on t h e  b i o l o g y  a n d  f i s h e r y  
o f  M e ta p e n a e u s  b r e v i c o m i s  (M .  e d w )  i n  t h e  H o o g ly  e s t u a r i n e
s y s t e m .  I n d ia n  J .  F i s h . ,  8 ( 2 ) ;  3 8 3 - 4 0 2 .
R a j y a l a k s h m i ,  T . ,  M a h e s w a r u d u ,  G . ,  R e d d y ,  D. M.  a n d  J o s h i ,
H . C . ,  1 9 8 6 .  An a p p r o a c h  to e n v i r o n m e n t a l  i m p a c t  s t u d y  in 
t h e  K a k i n a d a  b a y .  E n v i r o n m e n t a l  B i o l o g y  C o a s t a l  e c o s y s t e m :
1 2 5 -1 4 0 .
R a m a m u r t h y ,  S .  a n d  M a n i c k a r a j a ,  M . ,  1981 .  R e l a t i o n  b e t w e e n  t a i l  
a n d  t o t a l  l e n g t h s  a n d  t o t a l  a n d  c a r a p a c e  l e n g t h s  f o r  t h r e e  
c o m m e r c i a l  s p e c i e s  o f  p e n a e i d  p r a w n s  o f  I n d i a .  I n d i a n  J .  
F i s h . ,  2 5 ( 1 & 2 ) :  2 3 3 - 2 3 6 .
R a m b h a s k a r ,  B . ,  1 9 85 . H a e m a t o l o g y  o f  C h a n o s  c h a n o s  { F o r s k a i  ) 
f r o m  b r a c k i s h w a t e r  f i s h  f a r m s  o f  K a k i n a d a .  P h . D .  T h e s i s ,  
A n d h r a  U n i v e r s i t y ,  V i s a k h a p a t n a m .
R a o ,  A . U . P . ,  1967. S o m e  o b s e r v a t i o n s  on t h e  b i o l o g y  o f  P e n a e u s  
i n d i c u s  H. M i l n e  E d w a r d s  a n d  P e n a e u s  m onodon F a b r i c i u s  f r o m  
t h e  C h i l k a  l a k e .  I n d ia n  J .  F i s h . ,  14: 2 5 1 -2 7 0 .
,  t e g  S r i n i v a s a g a m ,  R . T . ,  a n d  R a y m o n t ,  J . K . B . ,  IV • 
R a y m o n t ,  z o o p l a n k t o n .  I X.  T h
b i o L i r i c a l  c o m p o s i t i o n  o f  E u p h a u s ia  s u p e r b a .  J .
A s s .  U .K . ,  51 : 5 8 1 -5 8 8 .   ^ t h e  o s m o r e g u l a t o r y
R e a d ,  G . H . L . ,  1 9 84 . p ^ ^ t ^ i ^ r v a l , j u v e n i l e  a n d  a d u l t
c a p a c i t y  o f  ’ . C o n ^ .  B i o c h e m .  P h y s i o l .
M a c r o b ra ch iu m  p e t e r s x  i,
7 8 A ( 3 ) :  5 0 1 - 5 0 6 .
R e a d ,  G . H . L .  a n d  C a u l t o n ,  M . S . ,  1 9 8 0 .  C h a n g e s  i n  m a s s  a n d  
c h e m i c a l  c o m p o s i t i o n  d u r i n g  t h e  m o u l t  c y c l e  a n d  o v a r i a n  
d e v e l o p m e n t  i n  i m m a t u r e  a n d  m a t u r e  P e n a e u s  i n d i c u s  H.  M i l n e  
E d w a r d s .  i b i d . ,  6 6 A: 4 3 1 - 4 3 7 .
R e d d y ,  M . S . ,  V e n k a t e s w a r l u , Y . ,  N a t h ,  P . S .  a n d  R a o , K . V . R . ,  1986 .
P h o s p h a m i d o n  a n d  l i n d a n e  i n d u c e d  c h a n g e s  in  t h e  h a e m o l y m p h  
b i o c h e m i s t r y  o f  a  p e n a e i d  p r a w n ,  M e t a p e n a e u s  m o n o c e r o s .  
N a t .  A c a d -  S c i -  L e t t e r s ,  10 :  3 9 - 4 3 .
* R e n a u d ,  L . ,  1 9 4 9 .  L e  c y c l e  d e s  r e s e r v e s  o r g a n i q u e s  chez  l e s s  
c r u s t a c e s  d e c a p o d e s .  A n n l s .  I n s t .  O c e a n o g r . ,  M o n ac o ,  24: 
2 5 9 - 3 5 7 .
R o d r i g u e z ,  G . A .  a n d  G a r t z ,  R . M . ,  1976 .  P r e l i m i n a r y  s t u d y  o n  t h e  
o s m o r e g u l a t i o n  i n  P e n a e u s  s t y l l r o s t r i s  ( S t i m p s o n ) .  P r o c .  
S y m p .  o n  t h e  B i o l ,  a n d  d y n a m i c s  o f  p r a w n  p o p u l a t i o n s .
( 1 9 7 6 ) ,  G u a y m a s .  S o n .  M e x i c o .  1 : 5 3 - 7 0 .
R o e ,  J . H . ,  1 9 5 5 .  T h e  d e t e r m i n a t i o n  o f  s u g a r  i n  b l o o d  a n d  s p i n a l  
f l u i d  w i t h  a n t h r o n e  r e a g e n t .  J .  B i o l .  C h e m . ,  212 : 335 3 4 3 .
S a n t o s ,  M. d e  C . F .  a n d  S a l o m a o , L . C . ,  1985 .  H e m o l y m p h  o s m o t i c  
a n d  i o n i c  c o n c e n t r a t i o n s  i n  t h e  g e c a r c i n i d  c r a b ,  U c x d e s  
c o r d a l u s .  C o m p .  B i o c h e m .  P h y s i o l . ,  81A: 5 8 1 - 5 8 3 .
S a r o ] i n i ,  R .  a n d  J a h a g i r d a r ,  V . G . ,  1983 .  R o l e  o f  SH l i n k e d  
p r o t e i n s  a n d  s a t u r a t e d  l i p i d s  o n  t h e  o v a r i a n  °
t h e  h e r m i t  c r a b ,  P e g u r u s  k u l k a m i .  J .  A d v . Z o o l . ,  4 ( 2 ) :
R . ,  M i r a j d a r ,  M . S .  a n d  N a g a b h u s h a n a m . R . .  1 9 8 2 .  
B i o c h e m i c a l  c h a n g e s  in  t h e  f r e s h w a t e r  p r a w n  M a c r o b r a c h . u .
k i s t a e n s i s .  B i o l .  B u l l .  I n d i a ,  4 ( 1 ) :  3 1 - 3 5 .
U T 1 9 6 8  T h e  d e t e r m i n a t i o n  o f  s o m e  s t a g e s  o f  t h e
o f  P e n a e u s  d u o r a r u .  b y  m i c r o s c o p i c  e x a m i n a t i o n  
m o l t i n g  c y c l e  o f  P e n a e u s  a
o f  t h e  s e t a e  o f  t h e  e n d o p o d i t e s  o f  p l e o p o  
R e p .  5 7 ( 2 ) :  3 8 1 - 3 9 1 .
S c h e e r , B . T . ,  1 9 6 0 .  A s p e c t s  o f  t h e  i n t e r m o l t  c y c l e  in n a t a n t i a n s .  
C o m p .  B i o c h e m .  P h y s i o l . ,  1: 3 - 1 8 ,
S e v i l l a ,  C . ,  1 9 7 5 .  S t u d y  o f  o r g a n i c  c o n s t i t u e n t s  o f  t h e  h a e m o l y m p h  
in  O n i s c o i d e a  ( C r u s t a c e a  : I s o p o d a ) .  B u l l .  S o c .  Z o o l .  1 0 0 ( 4 ) :  
4 4 3 - 4 5 6 .
S h a i k h m a f i m u d t *  a n d  M a g a r ,  N . G . ,  1957 .  S t u d i e s  in  t h e  n u t r i t i v e  
v a l u e  o f  B o m b a y  p r a w n s  : P a r t  I :  C h e m i c a l  c o m p o s i t i o n  of 
p r a w n s .  J .  S c i .  I n d u s t r .  R e s .  ( I n d i a ) . ,  16A: 4 4 -4 6 .
S h l b a t a ,  N . ,  1 9 8 3 .  E f f e c t  o f  f i s h i n g  s e a s o n  on l i p i d  c o n t e n t  an d  
c o m p o s i t i o n  o f  A n t a r c t i c  k r i l l .  B u l l .  J a p .  S o c .  S c i .  F i s h . ,
4 9 ( 2 ) :  2 5 9 - 2 6 4 .
S i l a s ,  E . G . ,  1 9 8 5 .  H a t c h e r y  p r o d u c t i o n  o f  p e n a e i d  p r a w n  s e e d ,  
P e n a e u s  i n d i c u s .  C M FR I .  S p l .  P u b l . ,  23:  4 1 p .
S i l a s ,  E . G . ,  G e o r g e ,  M . J .  a n d  J a c o b ,  T . ,  1984.  A r e v i e w  of  th e  
f i s h e r i e s  o f  I n d i a  : a  s c i e n t i f i c  b a s i s  f o r  t h e  m a n a g e m e n t  o f  
t h e  r e s o u r c e s .  In :  P e n a e i d  s h r i m p s ,  t h e i r  b i o l o g y  a n d
m a n a g e t n e n t .  J . A .  G u l l a n d  a n d  B . J . B .  R o t h s c h i l d  ( E d s . ) ,  83-  
103.
S i m p s o n ,  G . G . ,  R o w e .  A. a n d  L e w o n t i n ,  R . C . ,  1960.  Q u a n t i t a t i v e  
Z o o l o g y ,  H a r c o u r t ,  B r a c e  & W o r ld  I n c . ,  New Y o r k .
S i t a r a m a i a h ,  P .  a n d  K r i s h n a n ,  G . ,  1965 .  C a l c i u m  m e t a b o l i s m  in 
E m e r i t a  a s i a t i c a .  I n d i a n  J .  E x p -  B i o l . ,  4 :  3 4 - 3 6 .
S m i t h ,  A . C . ,  1 9 8 2 .  S i m p l e  t e s t  f o r  g e n e r a l  s t r e s s  in  a D e c a p o d  
c r u s t a c e a n ,  t h e  p i n k  s h r i m p ,  P e n a e u s  d u o r a r u m .  J -
A q u a r i c u l i - A q u a t .  S c i . ,  3 ( 1 ) .  11- 
S n e d e c o r .  G . W.  a n d  C o c h r a n ,  W . G . ,  1967 .  S t a t i s U c a l  a . e t h o d s .
(VI e d . ) ,  O x f o r d  & IBH P u b l i s h i n g  C o . ,  New D e l h i .  5 9 3 p .
S p a a r g a r d e n .  D . H . .  1 9 7 5 .  N o t e s  on t h e  O s m o t i c  a n d  i o n i c  r e g u l a t i o n  
o f  b r a c h y u r a n  c r a b s  f r o m  C u r a c a g o .  N e t h .  J .  Sea R e s . ,  9(
4 )  : 2 7 3 - 2 8 6 .
S r i n i v a s u l u  R e d d y ,  M . ,  V e e r a  B a b u ,  G . R .  a n d  R a m a n a  R a o , K . V . ,  
1 9 8 9 .  C h a n g e s  o f  l i p i d  c o m p o n e n t s  in  m i d g u t  g l a n d  a n d  
m u s c l e  o f  p e n a e i d  p r a w n s ^  M e ta p e n a e u s  m o n o ce ro s  a n d  
P e n a e u s  i n d i c u s  e x p o s e d  to p h o s p h a m i d o n .  M a h a s a g a r ,  2 2 (1 ) :  
4 3 - 4 6 .
S t e i n ,  R . A .  a n d  M u r p h y ,  M . L . ,  1 9 7 6 .  C h a n g e s  in  p r o x i m a t e  
c o m p o s i t i o n  o f  t h e  c r a y f i s h  O rc o n e c te s  p o r o p in q u u s  w i t h  s i z e ,  
s e x  a n d  l i f e  s t a g e ,  J ,  F i s h ,  R e s .  B d , C anada^  33: 2 4 5 0 - 2 4 5 8 .
S t e w a r t ,  J . E . ,  C o r n i c k ,  J . W . ,  F o l e y ,  D . M . ,  L i ,  M . F .  a n d  B i s h o p ,  
C . M . ,  1 9 6 7 .  M u s c l e  w e i g h t  r e l a t i o n s h i p  to s e r u m  p r o t e i n s ,  
h a e m o c y t e s  a n d  h e p a t o p a n c r e a s  in  t h e  l o b s t e r  Hom arus 
a m e r ic a n u s .  i b i d . ,  24( 1 1 ) :  2 3 3 9 - 2 3 5 4 .
S t e w a r t ,  J . E . ,  D i n g l e ,  J . R .  a n d  O d e n s e ,  P . H . ,  1966 .  C o n s t i t u e n t s  
o f  t h e  h a e m o l y m p h  o f  t h e  l o b s t e r ,  H om arus a m e r ic a n u s  
M i l n e  E d w a r d s .  C a n a d ia n  J -  B io c h e m . ,  44:  1 4 4 7 -1 4 5 9 .
S u b r a h m a n y a m , C . B . ,  1 9 6 3 a .  N o t e s  on t h e  b i o n o m i c s  o f  t h e  p e n a e i d  
p r a w n ,  M e ta p e n a e u s  a f f i n i s  (M ilne  E d w a r d s )  o f  t h e
m a l a b a r  c o a s t .  I n d ia n  J -  F i s h . ,  l O A ( l ) :  1 1 - 2 2 .
S u b r a h m a n y a m ,  C . B . ,  1 9 6 3 b .  A n o t e  on t h e  a n n u a l  r e p r o d u c t i v e  
c y c l e  o f  t h e  p r a w n  P e n a e u s  i n d i c u s  (M. E d w . )  o f  M a d r a s  
c o a s t .  C u r r .  S c i - ,  3 2 ( 4 ) :  1 6 5 - 1 6 6 .
S u b r a h m a n y a m ,  C . B . ,  1 9 6 7 .  On t h e  r e p r o d u c t i v e  c y c l e  o f  P en aeu s  
i n d i c u s  (M .  E d w . ) .  J .  m a r .  b i o l .  A s s .  I n d i a .  7 ( 2 ) :  2 8 4 -
2 90 .
S u b r a h m a n y a m ,  M. , 1 9 7 3 .  F i s h e r y  a n d  b i o l o g y  o f  M etapenaeus  
m o n o c e ro s  ( F a b r i c i u s )  f r o m  t h e  G o d a v a r i  e s t a a r i n e  s y s t e m .
In d ia n  J .  F i s h . ,  2 0 :  9 5 - 1 0 7 .
S u b r a h m a n y a m .  M. a n d  G a n a p a t . ,  P . N . ,  1975 .  T h e  b i o l o g y  o f  t h e  
p r a w n ,  P e n a e u s  m onodon  F a b r i c i u s  f r o m  t h e  G o d a v a r i  
e s t u a r i n e  s y s t e m .  B u l l .  D e p t .  M a r i .  S c i . .  U n i v .  C o c h . n . .
7 :  6 5 3 - 6 7 0 .
S u b ram an ia T !  , P . ,  1 9 8 7 .  S p a w n e r - r e c r u i t  d i s t r i b u t i o n  o f  P e n a u s  
i n d i c u s  i n  P a r a n g i p e t t a i  c o a s t a l  e c o s y s t e m .  J ,  m a r .  b i o l .  
A s s .  I n d i a ,  2 9 ( 1 & 2 ) :  2 3 - 3 6 .
S u b h a s h  C h a n d e r ,  1 9 8 6 .  S t u d i e s  on  e c o p h y s i o l o g y  o f  P e n a e u s  
i n d i c u s  H .  M i l n e  E d w a r d s  i n  t h e  g ro w —o u t  s y s t e m .  P h . D .  
T h e s i s ,  U n i v e r i s t y  o f  C o c h i n .
S u d h a k a r a  R a o , G . ,  1 9 8 8 a .  L e n g t h - w e i g h t  r e l a t i o n s h i p  a n d  o t h e r  
d i m e n s i o n a l  r e l a t i o n s h i p s  o f  M e ta p e n a e u s  m o n o ce ro s  
( F a b r i c i u s )  f r o m  t h e  K a k i n a d a  c o a s t .  I n d ia n  J .  F i s h . ,  
3 5 ( 3 ) :  2 1 1 - 2 1 5 .
S u d h a k a r a  R ao ,  G . ,  1 9 8 8 b .  S t u d i e s  on t h e  f e e d i n g  b i o l o g y  o f  
M e ta p e n a e u s  m o n o c e ro s  ( F a b r i c i u s )  a lo n g  t h e  K a k i n a d a  c o a s t .  
J .  m a r .  b i o l .  A s s o -  I n d i a ,  3 0 ( 1 &2 ) :  1 7 1 -1 8 1 .
S u d h a k a r a  R ao ,  G . ,  1 9 8 8 c .  E x p l o i t a t i o n  o f  p r a w n  r e s o u r c e s  b y  
t r a w l e r s  o f f  K a k i n a d a  w i t h  a  n o t e  on t h e  s t o c k  a s s e s s m e n t  o f  
c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s .  In d ia n  J .  F i s h . ,  3 5 ( 3 ) :  
1 4 0 - 1 5 5 .
S u d h a k a r a  R a o ,  G . ,  1 9 8 9 .  S t u d i e s  on t h e  r e p r o d u c t i v e  b i o l o g y  o f  
t h e  b r o w n  p r a w n  M e t a p e n a e u s  m o n o c e r o s  ( F a b r i c i u s ,  1798) 
a l o n g  t h e  K a k i n a d a  c o a s t .  i b i d . .  3 6 ( 2 ) :  1 0 7 - 1 2 3 .
S u k u m a r a n .  K . K .  a n d  R a j a n ,  K . N . ,  1 9 8 1 .  S a d i e s  on  t h e  f i s h e r y  a n d  
b i o l o g y  o f  Parapenaeopsis hardwickil ( M i e r s )  f r o m  B o m b a y  
a r e a .  i b i d . ,  2 8 ( 1 & 2 ) :  1 4 3 - 1 5 3 .
1 r- X ^ n  r  V 1 9 7 4 .  B i o c h e m i c a l  S u m i t r a  V i j a y a r a g h a v a n  a n d  E a s t e r s o n ,  D.  . . .
c h a n g e s  a n d  e n e r g y  u t i l i ^ t i o n  i n  d e v e l o p i n g  s t a g e s  o f  t h e
e s t u a r i n e  p r a w n ,  Macrobrachium idella ( H i l g e n d r o f ) . J .  M a r .
B io l .  A s s .  I n d i a ,  1 6 ( 1 ) :  2 7 5 -2 7 9 .
u n W a f a r  M . V . M .  a n d  J o s e p h  P .  R o y a n ,  1976 .  
S u m i t r a  V i j a y a r a g h a v a n ,  W a f a r ,  in
C h a n g e s  i n  b i o c h e m i c a l  c o m p o s i t i o n  a n d  e n e r g y  u
® f  t h e  m o l e  c r a b ,  E m e r i t a  h o l t h u i s i
d e v e l o p m e n t a l  s t a g e s  o f
S a n k o l l i .  M a h a s a g a r ,  8 ( 3 & 4 ) :  1 6 5 -1 7 0 .
S u n i l  K u m a r  M o h a m e d ,  K . ,  1 9 8 9 .  S t u d i e s  on  t h e  r e p r o d u c t i v e  
e n d o c r i n o l o g y  o f  t h e  p e n a e i d  p r a w n ,  P e n a e u s  i n d ic u s  H. M i ln e  
E d w a r d s .  P h . D .  T h e s i s . ,  U n i v e r s i t y  o f  C o c h i n .
S z a n i a w s k a ,  A . ,  1 9 8 3 .  S e a s o n a l  c h a n g e s  in  e n e r g y  con ten d  o f  
C ra n g o n  c ra n g o n  L .  ( C r u s t a c e a  : D e c a p o d a ) .  P o l .  A r c h .  
H y d r o b i o l - ,  3 0 ( 1 ) :  4 5 - 5 6 .
T a k a h a s h i ,  H.  a n d  Y a m a d a ,  M . ,  1 9 7 6 .  L i p i d  c o m p o s i t i o n  o f  s e v e n  
s p e c i e s  o f  c r u s t a c e a n  p l a n k t o n .  B u l l .  J a p .  S e e .  S c i .  F i s h . ,  
4 2 ( 7 ) ;  7 6 9 - 7 7 6 .
T e s h i m a ,  S .  a n d  K a n a z a w a ,  A . ,  1 9 7 6 .  V a r i a t i o n  in  l i p i d  d u r i n g  t h e  
m o l t i n g  c y c l e  o f  a  s h r i m p .  i b i d . ,  4 2 ( 1 0 ) ;  1 1 2 9 -1 1 3 5 .
T e s h i m a ,  S . ,  K a n a z a w a ,  A. a n d  O k a m o t o ,  H . ,  1977 .  V a r i a t i o n  in 
l i p i d  c l a s s e s  d u r i n g  t h e  m o l t i n g  c y c l e  o f  t h e  p r a w n  P en a e u s  
j a p o n i c u s ,  M a r .  B i o l . ,  3 9 ( 2 ) :  129~136.
T h o m a s ,  M . M . ,  1 9 7 5 .  Age a n d  g r o w t h ,  l e n g t h - w e i g h t  r e l a t i o n s h i p  
a n d  r e l a t i v e  c o n d i t i o n  f a c t o r  o f  P e n a e u s  s e m is u lc a tu s  d e  H a an .  
I n d ia n  J .  F i s h . ,  2 2 ( l S i 2 ) :  1 3 3 - 1 4 2 .
T h o m a s ,  M . M . ,  1 9 8 2 .  P r e l i m i n a r y  r e s u l t s  o f  e l e c t r o p h o r e t i c  s t u d i e s  
o n  m a r i n e  p r a w n s .  i b i d .  , _ 2 8 (  U 2 ) : 2 9 2 - 2 9 4 .
T o r r e s ,  C . ,  1 9 7 3 .  V a r i a t i o n s  d u  p o o l  d e s  a c i d e s  a m i n e s  l i b r e s  du  
m u s c l e  a b d o m i n a l  d e  P e n a e u s  k e r a t h u r u s  au  c o u r s  d u  c y c l e  d '  
i n t e r m u ,  e t  a a  c o u r s  d u  j e u n e .  C oo.p . B io c h e m . P h y s i o l .  45B:
1- 1 2 .
V e d a v y a s a  R a o , P - ,  1 9 8 3 .  R e p r o d u c t i v e  b i o l o g y  o f  p e n a e i d  p r a w n s
Sum m er i n s t i t u t e  in  h a t c h e r y  p r o d u c t i o n  o f  p r a w n  s e e d  a n d
c u l t u r e  o f  m a r i n e  p r a w n s .  ( T e c h n i c a l  P a p e r ) ,  CMFRl,  C o c h . n .
V e d a v y a s a  R a o ,  P . .  D i w a n ,  A . D .  a n d  K a k a t i .  V . S . ,  1981 
F l u c t u a t i o n  i n  c a l c i u m  l e v e l s  in  t h e  e x o s k e l e t o n ,  m u s c l e  a n d  
h a e m o l y m p h  o f  P e n a e u s  i n d i c u s ,  c u l t i v a t e d  in  a b r a c k i s h w a t e r  
p o n d .  I n d i a n  J .  F i s h . ,  2 8 ( 1 . 2 ) :  1 6 0 - 1 6 7 .
V i c t o r ,  B . ,  1 9 8 7 .  R e p r o d u c t i v e  a n d  l i p i d  c y c l e s  in  t h e  A t y i d  
p r a w n  C a r i d i n a  r a j a d h a r i  ( B o u v i e r ) .  I n d i a n  J .  F i s h . ,  3 4 ( 3 ) :
3 3 3 - 3 3 6 .
V i j a y a n ,  K . K . ,  1 9 8 8 .  S t u d i e s  o n  t h e  p h y s i o l o g y  o f  m o u l t i n g  in  t h e  
p e n a e i d  p r a w n ,  P e n a e u s  i n d i c u s  H. M i ln e  E d w a r d s .  P h . D .  
T h e s i s ,  U n i v e r s i t y  o f  C o c h i n .
V i j a y a k u m a r a n ,  M . ,  1 9 9 0 .  E n e r g e t i c s  o f  a  few  m a r i n e  c r u s t a c e a n s .  
P h . D .  T h e s i s ,  U n i v e r s i t y  o f  C o c h i n .
V i n o g r a d o v ,  A . B . ,  1 9 5 3 .  E l e m e n t a r y  c o m p o s i t i o n  o f  m a r i n e
o r g a n i s m s .  E l e m e n t a r y  c o m p o s i t i o n  o f  A r t h r o p o d a .  Mem ,  
S e a r s .  F d n  m a r .  R e s . ,  11:  3 7 5 - 4 2 9 .
W a l t e r s ,  N . J .  a n d  U g l o w ,  R . F . ,  1981 .  H a e m o l y m p h  m ag n e s iu m  a n d  
r e l a t i v e  h e a r t  a c t i v i t y  o f  s o m e  s p e c i e s  o f  m a r i n e  d e c a p o d  
c r u s t a c e a n s .  J -  e x p .  m a r .  B i o l -  E c o l - ,  55:  2 5 5 -2 6 5 .
W i e s e r ,  W . ,  1965 .  E l e c t r o p h o r e t i c  s t u d i e s  on b l o o d  p r o t e i n s  in  an 
e c o l o g i c a l  s e r i e s  o f  i s o p o d  a n d  a m p h i p o d  s p e c i e s .  J .  m a r .  
b i d .  A s s o -  U . K . ,  45 :  5 0 7 - 5 2 3 .
W i l l i a m s ,  A . B . ,  1 9 6 0 .  T h e  i n f l u e n c e  o f  t e m p e r a t u r e  on o s m o t i c  
r e g u l a t i o n  i n  tw o  s p e c i e s  o f  e s t u a r i n e  s h r i m p s  ( p e n a e u s ) .  
B i o l .  B u l l . ,  119 :  5 6 0 - 5 7 1 .
W i n k l e r .  L . W . ,  1 8 8 8 .  D ie  B e s t i m m u n g  d e s  Im W a s s e r  g e l o s t e n  
s a u e r s t o f f e s .  D t s c h e .  C h e m .  G e s .  B a r . ,  21:  2 8 4 3 -2 8 5 5 .
W o U n ,  E . M . .  L a u f e r ,  H.  a n d  A l b e r t i n . ,  D . F . ,  1973 .  U p t a k e  o f  t h e  
y o l k  p r o t e i n ,  l i p o v i t e l l i n  b y  d e v e l o p i n g  c r u s t a c e a n  o o c y t e s .
D e v e l o p .  B i o l - ,  35 :  1 6 0 - 1 7 0 .
T TD .n H  P s i t  A . ,  1984.  I o n i c  r e g u l a t i o n  
W r i g h t ,  D . A . ,  Z a n d e r s ,  I . P .  a n d  P a i . ,  a . ,
r i f a  • A c o m p a r a t i v e  s t u d y .  C o m p .
in  t h r e e  s p e c i e s  o f  U c a  . ^  h
B i o c h e m .  P h y s i o l - ,  78A: 1 7 5 - 1 7 9 .
+ = n o t  r e f e r r e d  to  i n  o r i g i n a l
A P P E N D I X
Oa t!ie Culture of Macrobrachium rosenbergii (De Man) in Andhra
Pradesh— India
T .  R A JY A L A .K S H M I a n d  G. M A H E S W A R D U  
D e p a r t m e n t  of F i s h e r y  S c ien ce ,  A. P .  A g r ic u l tu ra l  U n iv e rs i ty ,
K a k in a d a - 7 ,  In d ia
I n  A n d h ra  P r i i d e s h ,  I n d i a ,  l a rg e  a c r e a g e  of f r e sh w a te r  ponda  s e a so n a l ,  and  p e ren n ia l ,  
have no w  b e e n  b r o u g h t  u n d e r  f r e s h w a te r  fish c u lt iv a t io n .  L a rg e  acreage  t r a d i t i o n a l ly  
under p a d d y  c u l t i v a t i o n  a lso  a re  h e in g  c o nver ted  to  fish f a rm in g  u s in g  com pos ite  fish 
cu l tu re  m e t h o d s .  S o m e  of t h e m  c a n  sh i f t  t o  f r e sh w a te r  p r a w n  fa rm in g  or p a r t i a l l y  i n c o r ­
p o ra te ,  in  s e p a r a t e .m o n o c u l tu r e  of t h e  species.
roflenfcerffi* h a s  e x te n s iv e  n a tu r a l  fishery in  some of th e  la k e s  and  r ivers  
b u t  n a t u r a l  seed  a v a i l a b i l i t y  is n o t  o n ly  r a r e  b u t  sc a rce  too .  Since 1970 techn iques  for 
ha tcho i-y  r e a r i n g  of p o s t  l a r v a e  h a v e  b e en  developed by r e s e a r c h  o rg a n is a t io n s .  Supply  
o; s to c k a b lc  ju v e n i l e s  com m enced  by  l a t e  1970s.
The p re se n t  s tu d y  dea ls  w i th  e x p e r im e n t s  on  p o s t - l a rv a l  p ro d u c t io n  in  sm all  sca le  h a t ­
c h e ry ,  c o s t s  o f  p r o d u c t io n ,  food fo rm u )a t io n  u s in g  tnbificid w o fm s ,  V a te r  q i ia h ty  and  s u r ­
v ival .  K x p e r im e n ta l  c u l tu re  c o n d u c te d  in  l a r g e r  ponds w i th  v a r y in g  w a te r  and  so i l 'q u a l i -  
ties, feeds gj-owtli  a n d  u l t im a ta  r e tu r n s  a re  ah-o  show n.
I n c o r p o r a t i o n  of t h e  spec ies  i n to  m o n o  o r  po ly cu l tu re  w i th  f ish in  ex tensive  sys tom  has 
a tromofjdoii.s- p o t e n t i a l  i{ a s t e a d y  ju v e n i le  Piroduction i s  m a in ta in e d .  Thus, ed u ca t in g  
l a rm e rs  on  spec if ic  t e c h n o lo g ie s ,  a  good  m a r k e t in g  sy s te m  cou ld  lea d  to  qu ick  a d o p tio n  by 
ra rm crs  to  t h i s  e x te n s iv e  / ' r e s h w a te r  p r a w n  f a n n in g  o f  th e  fa s t -g ro w in g  species siich as  
.Uucroouichium ros,7iberf,t a n d  th e  f m a l l c r  r iv e r in e  p ra w n  of In d ia ,  Macrobrachivm malcol.
rn.-onji
M(urohmc.hmni rosenbefuii (D e Uix-n), th e  g ia n t  fr e s h w a te r  prawn is  m o s t  
c.oinmon in  th e  e s tu a r in e  r e g io n s  of t h e  r iv e r s  bo th  on East, and W e s t  coasts 
of Ind ia ,  a n d  in t h e  Hooghiy  e s tu a ry  in the  N o r th  l ias t .  Chopra (1943', r e p o r t ­
ed on th e  l) reed ing  ha b i t s  of th<r* ^^pecies i n  ?outh-W est .  coast of Ind ia  whi le  
Jo hn  (1957), .studied th e  fecur d i t y  po ten t ia l  and b re e d in g  migrations,  of the  
sp«(ties in ih e  s a m e  reg ion . B a jya la ksh m i f o r  th e  first tim e , used ova- 
d im ens ions  a s  a m e a n s  of d e t e r m i n i n g  m atu ra t ion ,  and  b reed ing  periodicity,  
iii Mtu'ni‘--r(i{-}iiu-i)i ronen'.^e.i (jii und m ade  observa t ions  on th e  sa l in ity  requiremeii-  
for h a t c h i n g  in r iv e r s ,  R a m a n  (1S67), made observa t ions  on b reed ing  
niigra tio ii s  a n d  ft e ' l ing  of t h e  s p « c i e s i n t h e  S o u th -W e s t  coast  of Ind ia .  Rao 
(HHm) sirudieci t h e  m a t i n g  behav iour ,  breed ing  bio]<igy and age and gro w th  of  
Mtirro'imchiaiii ro^^cnln'iujii. of H o ^ g h ly  es tua ry .  R e jy a la k sh m i  (1975). reported 
for ihe first t in ie .  the oci u r e n r e  of t lie species ar-d its-.size composi t ion  in 
c ip tu re  /isJieries- i>f cer ta in  p a d d y  field dra in  chani.e ls  open ing  in to ,K ak inada  
Hay, in A n d h r a  P rad esh .
Elsewh'^re  in t h e  world ,  w i th  th e  s tud ies .conduc ted  by h \ n g  (1U 2,  3967 a
and 1967 bi in  M a la y s ia  a n d  F u j i m u r a  (1966), F u j i m u r a  and  O koaioto  (1970), 
F u j im o to  et al„ (1977) i n  H a w a i i ,  c o n s id e ra b le  p r o g r e s s  h a s  been made on the 
cu l tu re  a spec ts  of th e  sp ec ie s  s u c h  as  p ro d u c t io n  o f  ju v e n i le s ,  g ro w th  and pro- 
duc tion  in  g ro w -o u t  ponds .  A n  e x te n s iv e  r e v i e w  of w o rk  in  U n i te d  States of 
A m e r ic a  has  been  g iv e n  b y  v a r io u s  a u th o r s  (M a y e rs  1974, Hagood and Willis 
1976, H a n s o n  and G o o d w in  1 9 7 7 , a m o n g  o th e r s )  and t h a t  in  U n i te d  Kingdom
(W ic k in s .  1978).
A s  c o m p a r e d  to  c a p tu re  fis^heries, t h e  c o n t ro l l e d  p ro d u c t io n  of  juveniles 
and c u l tu re  of Mncrohrdchium roRenhergii i n  f r e s h w a t e r  p o n d s  h a s  rece ived  very 
l i t t l e  a t te n t io n  in  I n d i a  t i l l  1970s (R a jy a lak sh m i ,  1978). H o w e v e r ,  ove r  a long 
t im e  t h e  species  h a s  been  in  e x t e n s iv e  p ro d u c t io n  in  t h e  f r e s h w a te r  impound­
m e n t s  of r iv e r  H o o g h ly ,  a t i n  N o r t h - E a s t e r n  In d ia .  T h e  juvenile 
s to ck  is na tu ra l ly  re c ru i te d  in  t h e s e  im p o u n d m e n t s  iR a jy a la k sh m i ,  unpublish­
ed d o c to ra l  thesis) .  I n  A n d h r a  P ra d e sh ,  p a r t i c u la r ly ,  a n o t h e r  la rg e  species 
oi MacrohracMum M. malcolmsonii h a s  b e e n  in t ro d u c e d  i n  experim enta l  
cu l tu re  s tu d ie s  s in ce  1968 in  v ie w  of la rge  n a t u r a l  s to c k  o f  ju v en i le s  occuring 
a t  all  t h e  b a r r i e r s  (wiers) o f  r i v e r s  in  th i s  s t a t e  ( Ib ra h im ,  19fc2, Rajyalakshmi 
3 968 and  1972, and R a j y a l a k s h m i  et ah, 1982). D is c o v e ry  of brood praw ns of 
Macrohrachium rosenhergii i n  t h e  p ad d y  field d r a i n  c h a n n e l s  w h ic h  open in to 
th e  K a k in a d a  Bay (F ig .  1) h a s  led  to  an  e s t a b l i s h m e n t  of a  sm all  scale  hatchery  
by  t h e  C e n t r a l  In la n d  F i s h e r i e s  R e s e a rc h  I n s t i t u t e  (A non , 1975 and  1976).
D u r i n g  th e  p e r io d  1975 to  1982 e x t e n s iv e  g ro w - o u t  ponds  fo r  f re sh  water 
fish h a v e  been  e x cav a ted  b o th  in  public  and  p r i v a t e  s e c to r s  of A n d h r a  Pradesh , 
th e  f a r m  sizes  r a n g i n g  f ro m  10 h a  to  200 ha .  U n d e r  th e se  s e t  of condit ions 
i n c o r p o r a t io n  of a  v a r i e t y ,  l i k e  t h e  i n d i g e n o u s  v a r i e t i e s  o f  f r e s h w a te r  prawns 
in  m ix e d  cu l tu re  h a s  b e e n  r e c e i v i n g  c o n s id e ra b le  a t t e n t io n .  F i s h  f a r m e r s  have 
n o w  a  g ro w in g  a w a r e n e s s  of t h e  su i ta b i l i ty  o f  t h e  g i a n t  p r a w n  i n  t h i s  system. 
T h e  d e m a n d  fo r  seed  h a s  g o n e  up  i n  19}^0s. K e e p in g  th e se  p o in ts  in  view a 
few  p re l im in a ry  s tu d ie s  c o n d u c te d  by t h e  a u t h o r s  s in c e  1982 on h a t c h e r y  pro­
du c t io n  of ju v en i le s  a n d  t h e i r  i n t r o d u c t io n  i n  d i f f e r e n t  t y p e s  o f  f reshw ater  
ponds, t h e i r  g ro w th  and  s u rv iv a l ,  p o te n t i a l  f o r  l a r g e  sca le  in t ro d u c t io n  in  far­
m e rs ’ ponds  etc., a re  d i s c u s s e d  in  t h i s  paper .
M A T E R I A L  A N D  M E T H O D S
R eproduc t ive  Biology a n d  Brood  P r a w n s
T h e  m a t u r i t y  and  b r e e d i n g  c y c le  of Macrohrachium rosenhergii h a v e  been 
well  docum ented  ( R a jy a la k s h m i ,  1961, a n d  u n p u b l i sh e d  d o c to ra l  t h e s i s  1976, 
R ao ,  1967). I n  N o r t h - E a s t e r n  p a r t  o r  I n d i a  f e m a le s  in  b e r ry  a re  found from 
N o v e m b e r  and D e c e m b e r  to  M a y  a n d  J u n e .  I n  p e n in s u la r  I n d i a  th e  maturity
and b re e d in g  c o m m e n c e s  f ro m  O c to b e r  and  e ic tends up to  fo l lo w in g  J u n e .  
G-enerally, b e r r i e d  f e m a le s  a r e  f o u n d  all  th e  y e a r  r o u n d .  As ea r ly  as  1961, i t  
wa«5 reoorded th a t  fem a le s  n e e d  to  m i g r a t e  to  t id a l  re g io n s  of th e  e s tu a r i e s  for  
ha tch ing  th e i r  la rv a e .  T h e  m in im u m  size n o te d  a t  m a t u r i t y  w a s  136 m m  
(total len g th ) .  T h e  f e m a le s  h a v e  a  f e c u n d i ty  p o te n t i a l  of 7000 to  1,11,400 in  
a size r a n g e  of 136 to  250 m m  ' R a jy a la k s h m i ,  MS).
Fig. 1. S h o w i n g  p a d d y  n e m  a r a in
w h e r e  brood  p r a w n s  of  M . rof^enhergii occur.  (KCC : K a k in a d a  Canal,
M: M a t la p a le m  d r a i n .  C : C o r in g a  d ra in .)
D u r in g  th e  p r e s e n t  s t u d y ,  f e m a le s  i n  b e r r y  w h ic h  o ccu r  in  c a p t u r e  fisher-
ies as  m e n t i o n e d  e a r l ie r ,  o f  M a t la p a le m ,  K o r i n g a  (F ig .  1) and  o t h e r  s im i la r
f re sh w a te r  p a d d y  field d r a i n  c a n a ls  c o n n e c te d  t o  K a k i n a d a  B ay  (L o n g  82 18
E and L a t .  Ifi 51 ' N  t o  1 7 'N )  a re  co llec ted .  T h e s e  a r e  b r o u g h t  a l iv e  to  sho re
by f ishe rm en  a n d  a r e  p u r c h a s e d  b y  th e
female T r a n s p o r t a t i o n  is  i n  l iv e  t i n  c a r r i e r s ,  o v e r  a  d i s ta n c e  of 10-20 k m  to 
the h a t c h e r y .  S o m e  e g g s  (a b o u t  2 0 .30% ) a r e  lo s t  d u r i n g  ‘' ' f  
discarded by  t h e  f e m a le  i t s e l f .  T h e s e  fe m a le s  a r e  t r a n fe r r e d  o f r e s h w a  er 
in fibre r e - in fo rc e d  p l a s t i c  t a n k s ,  u n d e r  a e r a t i o n .  G e n e ra l ly ,  fem »le .
Fig. 2- T e m p e ra tu re  profile in  th e  e x p e r im e n t s  I to  I I I .
w i th  eg g s  in  final s ta g e s  of  e m b r y o n ic  d e v e lo p m e n t  a re  c h o sen ,  recognised by 
th e  colour of t h e  eg g s  a n d  t h e  b lack  e y e  spo t  w h i c h  g iv e s  t h e  e g g  m ass  a dark 
b row n -b lack  a p p ea ran ce .  B y  s e le c t in g  th u s ,  p ro lo n g e d  (15 d a y s  or  more) 
m a in te n a n c e  of b rood  p r a w n s  i n  e a r ly  e m b r y o n ic  d e v e lo p m e n t  in  ta n k s ,  their, 
m o r ta l i ty ,  loss of e g g s  a n d  o t h e r  a d v e r s e  f a c t o r s  a r e  t h u s  s o u g h t  to  be reduc­
ed. U se  of n a tu ra l  b rood  s to c k  is  b e in g  c o n t i n u e d  ti l l  th e  i i rs t  genera t ion  of 
brood  s to ck  f ro m  p o s t  l a r v a e  s to c k e d  by  t h i s  D e p a r t m e n t  is ready .
H atchery  and  H a tchery  M a n a g e m e n t
H a t c h e r y  is  loca ted  on  t h e  co a s t l in e  a lo n g  t h e  K a k i n a d a  Bay of Andhra
Pradesh .  T h e  c o m p o n e n t s  of a  h a t c h e r y  a re  as foUows : An asbes tos  roofed 
shed 30m l o n g x l O m  w id e  x 6m h i g h  is t h e  m a in  h a t c h e r y  ch a m b e r .  T he  
walls a re  p a r t i a l ly  of b r i c k  (upto  1 m) a n d  t h e  r e m a i n i n g  open  p a r t  is  m ade  of 
iron  m e s h .  T h i s  m e s h  h a s  b e e n  co vered  o v e r  b y  rem ovab le  bam b o o  m a ts  to  
p ro tec t  a g a i n s t  t h e  w i n d  a n d  d u s t  in  th e  c o a s ta l  r e g io n .  N o  t e m p e ra tm 'e  c o n ­
trol m e a s u r e  is  u sed .  T h e  e q u ip m e n t  c o n s i s t e d  of an  oil f r e e  e lec tr ica l ly  ope ­
r a te d  c o m p r e s s o r  (5 H P )  ; P i p e  l in e s  of h a rd  P V C  a r e  fixed l e n g th -w is e  along 
t h e  w a l ls  S e c o n d a ry  a i r  c o n t r o l  v a lv es  a re  f i t ted  a t  i n t e r v a l s  of 2m a long  th© 
p ipe .  A.ir-lines a re  t a k e n  f r o m  th e s e  va lves  t o  a ll  s e c t io n s  of h a t c h e r y .
R e c t a n g u l a r  t a n k s  of fibre r e - in fo rc e d  p la s t i c  (2m x In i x Im), c i rc u la r  plas- 
t i c - l i n e d  pools of v a r io u s  s izes  ( 3 ' x  3', 4 ' x l O ' )  a n d  c o n c re te  t a n k s  {2.5 x 4 )  
a re  u sed  fo r  s to ra g e  of s e a  w a t e r  and  f r e s h w a te r ,  m a in te n a n c e  of brood prawns 
a n d  f o r  l a r v a l  r e a r in g .
W a t e r  M a n a g e m e n t
S e a  w a t e r  co l lec ted  f ro m  2 k m  off-shore in  th e  K a k in a d a  B ay is  t r a n s p o r t ­
ed  o n  t h e  d e p a r tm e n ta l  t r a w l e r s  in  r e p e a te d  s e a - t r ip s  once  in  6 m o n th s  and 
s t o r e d  in  th e  l a r g e r  p la s t i c  pools. T h is  w a t e r  is  aged  over  a period of one 
m o n t h  u s i n g  o y s t e r  s h e l l  p o w d e r  as a buffer. A f t e r  a g e in g ,  s to re d  f re s h  (mu­
n ic ip a l  ta p )  w a t e r  is u se d  f o r  m a k i n g  up to  r e q u i r e d  sa l in i ty .  T h e  w a t e r  used 
in  t h e  zoea l  r e a r i n g  t a n k s  is rep laced  u p to  10%  once  in  tw o  day s  a r d  fully  r e ­
p la c e d  o n c e  a w e e k .  T h i s  u sed  w a t e r  is t h e n  t a k e n  to  s e p a ra te  c o n ta in e r  fo r  
f re«h  b io lo g ica l  f i l t r a t io n .  T h is  w a te r  is  r e c y c le d  b ack  in to  th e  zoeal tan k s  
a f t e r  a  m o n th ,  t h u s  e l i m i n a t i n g  f r e q u e n t  t r a n s p o r t a t i o n  of f r e s h  s e a  w a te r
from  oft'-shore. T h e r e b y  t r a n s p o r t a t i o n  c o s t s  a r e  a lso  reduced.-
I n  e a c h  zoea l  t a n k  3,000 1 of  w a te r  is  m a i n t a i n e d  fo r  each  h a t c h  of f re sh ly  
re leased  zoeas. ^
C u r r e n t l y ,  a t t e m p t s  are being made  to  nse h y p e r - . a h n e  w a te r  from a na- 
t n . a l p o n d  adjaoent  to th e  h a t c h e r y  to  e l im ina te  the  t r an sp o r ta t io n  of fresh  sea 
wn:er  f r om off-><hore a n d  to in t roduce  new w a te r  sys tems in  t h e  ha tchery
p r a c t i c e s q u a l i t y  p a r a m e t e r s  regularly  m oni to red  at  present  are the  sali- 
ni ty,  t empera tu re ,  pH,  an d  dissolved oxygen .
Larval R ea r ing  a n d  F eed  W lam tenance
K .ch  hrood p ra w n  is  t r an s fe r r ed  24 to  36 hours  p r io r  to h a tc h in g  to a
: : r  : ; ; r  . . -  >— » •
Sint^le a ir- l ine  is supplied  to  e a c h  r e a r i n g  t a n k  c o n t a i n i n g  30,000-40,000 hatch- 
I inss
T h e  larval  moults  a n d  fu l l  l i fe  cyc le  h a s  been  descr ibed  by L in g  (1967 a
and  1976 b). , , j  i? *■ f a- i. j  i
Feed is supplied to  t h e  zoea  from  th e  t h i r d  day .  E n t i r e  feed in g  schedule
is based on tuhificid w o rm s .  F o r  m a i n t e n a n c e  of tubiticid  culture ,  a  shallow 
d i t c h  d m  w i d e  x i O m  l e n g t h ,  l ined  w i t h  p o ly th e n e  sh ee ts  is m a in ta in ed  out­
s ide th e  ha tche ry ,  in  t h e  open. M u d  is  i n t ro d u c e d  in to  th is  d i tc h  and it  i s  
t h e n  fe r t i l ized  w i th  d ry  p ig  m a n u re .  Tuhific id  w o rm s ,  collec ted  from  drainage 
o u t l e t s  of to w n  (munic ipal)  f r e s h w a t e r  s u p p ly  t a n k s  a re  inocu la ted  into the 
d i tc h .  A f r e s h w a te r  t a n k  m a in ta in e d  a t  a n  e le v a t io n  a t  one  and of th e  ditch 
k e e p s  a  slow drip  t y p e  w a t e r  flow, t h e r e b y  m a i n t a i n i n g  co n t inuous  flow-throu­
gh  f re s h w a te r  th a t  is  e s se n t ia l  f o r  t h e  g r o w t h  a n d  m u l t ip l ic a t io n  c f  the  worms. 
T h e  excess  w a te r  flows o u t  f ro m  th e  o t h e r  e n d  of  t h e  d i tc h .  T h e  w orm s soon 
m u lt ip ly  and  occupy t h e  e n t i r e  l e n g th  of t h e  d i t c h .  O n c e  in  3 m o n ths  the 
d i tc h  is em p t ied  and  a  f re s l i  c u l tu r e  is  s ta r te d .
Tuhific id  w orm s a re  t a k e n  o u t  f o r  e a c h  d a y ’s r e q u i r e m e n t ,  w ashed  in  clean 
f r e s h w a te r  to  rem o v e  th e  m u d  a n d  o th e r  o r g a n ic  iuad . T h e y  a re  chopped and 
s i e v e d  t h r o u g h  m esh  of 40 m ic r o n s  and  60 m i c r o n s  fo r  supp iy  to t a r ly  zoeal 
s t a g e s ,  th e  m esh  size i n c r e a s i n g  w i th  g r o w th  of th e  zoea. E a c h  tim e about 2 to 
3 m l of feed  a re  supplied  to  e a c h  l a r v a l  t a n k  t w i c e  to  t h r e e  t im e s  a d ay .  as per 
t h e  d e n s i ty  of th e  s tock .  B e fo re  use  th e  feed  is  d ipped  in  0.1% copper sulphate
so lu t ion  as  a  p ro p h y la c t ic  m e a su re .
A n  Avt(?nii(i c u l tu re  is  also m a in ta in e d  in  o u td o o r  t a n k s  ( 3 x 3 )  fo r  c iiti- 
nuous cu l tu re .  B r in e  m ix e d  w i t h  sea w a te r  is  used  in  th e  ta n k s .  P i g  manure 
i s  in t ro d u c e d  to  m a i n t a i n  d ia to m  c u l tu re  in  t h e  pools. N o  a e ra t io n  is done. 
E x c e p t  f o r  one  a t te m p t ,  A r t e n i i a  w e -.s  h o w e v e r ,  n o t  used as a la rv a l  feed beca­
u s e  o f  t h e  h ig h  q u a n t i t i e s  r e q u i r e d  for  f e e d in g  e a c h  ba tch  of zoea. Fur the r ,  
th e  tuhif ic id  is  r e a d i ly  a c c e p te d  b y  ihe  zoea.
F o r  t h e  p re s e n t  t h e  h a t c h e r y  p ro g ra m m e  is  c o n d u c te d  in  4 to  6 ta n k s  only 
w i th  small n um ber  or  b e r r ie d  fem a le s .
C ul tu re  Trials
P o n d  c o m f n r c t i o v  :
T h e  c u r r e n t  t r e n d s  i n  c o n s t ru c t io n  of f r e s h w a t e r  ponds, in  genera l ,  in 
A n d h ra  P ra d e s h  are  d esc r ibed  below  ;
C o n s t ru c t io n  of p o n d s  i n  e x te n s iv e  sca le  by  p r i v a t e  e n te rp re n e u r s  is of 
r e c e n t  o r ig in ,  p a r t ic u la r ly ,  i n  t w o  d is t r ic ts  o f  A n d h r a  P rad esh .
W a te r  r e so u rce  b e in g  a  p r i m a r y  c o n s id e ra t io n ,  a  la rg e  in la n d  sw am p Call­
ed K olleru  I .a k e  h a s  b e e n  f i r s t  d e v e lo p e d  by th e  D e p a r tm e n t  of F i s h e r i e s  G o ­
v e rn m e n t  of A n d h r a  P r a d e s h .  T h e  la k e  re c e d e s  in  n o n m o n so o n  m o n th s  to  +  
3 to  H i  f lood-la rva l  c o n to u r s  w h i le  i n  m o n so o n  i t  r ises  to - f  7 to-M O contours  
(R a jy a la k sh m i ,  1972). A  s e r i e s  of  114 t a n k s  h a v e  been  e x cav a ted  to  a  u n i fo rm  
d ep th  of I m  as  10 a c re  a n d  40 a c r e  pond  u n i t s  in  th e  +  2 co n to u r  levels  in  
m a n y  cases  t o  p r o t e c t  t h e  p o n d  in  flood t im e s .  F a r m e r s  adopted differen t  
m e th o d s ,  e x c a v a t i n g  o n ly  3 0 %  of th e  pond  a r e a  to  form p e r ip h e ra l  t r e n c h e s  
l e a v i n g  a  c e n t r a l  f la t  p l a t e a u  w h e r e  no  e x c a v a t io n  is  done .  T h e  d ep th  in  t r e n ­
ches  w a s  1.5 ra s u c h  t h a t  a  le v e l  of 2' w as  p r e s e n t  on  th e  c e n t ra l  a r e a .  T he  
g e n e r a l  d e p th ,  a  h o w e v e r ,  v a r ie d  f ro m  I m  t o  1.5m f ro m  su m m e r  to  m onsoon .  
T h e  p o n d  s izes  v a r y  f r o m  10 -ac re  im i t s  to  100 a c re  u n i ts .  I n  o t h e r  reg io n s  
of  t h e  s t a t e ,  p o n d s  a r e  e x c a v a te d  based on th e  above g en era l  p r in c ip le s ,  on 
l a n d s  ad jacen t  to  th e  e x t e n s i v e  i r r i g a t i o n  c a n a l  s y s te m  of R iv e r s  G odavari  
a n d  K r i s h n a .  T h e  t o t a l  p o n d  a c r e a g e s  a r e  sm a l l ,  f rom  20 ac re s  to  60 acres, 
e a c h  pond u n i t  h a v in g  1— 1.5 ha .
Tn all t h e  ab o v e  e x c a v a t i o n s ,  to p  soil h a s  b een  rem oved .  F o n d  slopes are  
m a i n t a i n e d  a t  1:3 r a t i o  a n d  b e rm  of Im  w id th  is m a d e  betw een  th e  pond  slope 
a n d  w a t e r  edge .  C o m p a c t in g  o f  p o n d  walls  is  done .
O n ly  o n e  in - le t  p ip e  o f  c o n c r e te  is m a i n t a i n e d  w i th  velon m e s h  sc reens ,  
th e  l a t t e r  p la c e d  a t  o n e  o r  t w o  p laces  a lo n g  i t s  l e n g th .  T h e  la te s t  d e s ig n s  of 
w a t e r  m a n a g e m e n t  i n c o r p o r a t e  p u m p in g  w a t e r  in to  p ip e l ines  e leva ted  to  the 
b u n d  le v e l ;  th e  in - le t  w a s  a lso  p laced  a t  an  e le v a t io n  so t h a t  w a t e r  c a n  cascade 
d o w n  a n d  p ro v id e  f low a s  w ell  as  o x y g e n a t io n .  N o  ou t- le t  is  p ro v id ed  fo r  in 
any  of t h e  pon d s ,  w a t e r  b e i n g  pum p ed  out  w l ie n e v e r  req u ired .  W i n d  c ircu la -  
t ion  h e lp s  to  k eep  a e r a t io n ,  p o n d s  b e in g  e x p o sed  w i t h  no  s h a d in g  of t r e e s ,  (;r
any  su ch  o b s t r u c t io n .
W a t e r  is d r a w n - i n  i n t o  t h e  p o n d s  in  th e  m o n t h  of J u n e .  D u r i n g  n o rm a l
n io n so o n  ( ra in y )  s e a s o n ,  w a t e r  i s  n o t  r e p l e n i s h e d  u p to  O ctober.  T h e re a f t e r ,
once in  a  m o n th  w a t e r  is  r e p le n i s h e d  to  c o v e r  a n y  loss  l,y ev a p o ra t io n .
T h e  p o n d s  a re  e x c a v a te d  g e n e r a l ly  in  a l luv ia l  b la c k  loam so ils .  C oasta l
nonds h a v e  occas io n a l  p a t c h e s  of  s a n d .  ■ rn . i i
Tl>e c h a r a c t e r s  o f  p o n d  u.sed fo r  e x p e r i m e n t s  1-4 a re  sh o w n  .n  f a b le  1 
+.1 T^nnd all t h e  o t h e r  3 a r e  lo c a te d  10-20 k m  in la n d .  All a re  fed 
“ - - p ' - ' » - — » -  > -  •
bottom wate rs  a re  f o u n d  tn  be s a h n e .
Pond
p r e p a ra t io n .  S t o c k in g  a n d  o t h e r  M a n a g e m e n t
.. .......................................................................................................... m e  o r  m-ea
Tl i e  f e r t i l i ' / e r  t r e a t t n e
„ t  cnnsi.sts of a d d i t io n  of cov»-dung and l .m e  or „r ,
T. K a j y a l a k s h m i  a n d  G. M f ib e sw a rd u  
Table I. Resulfcsof Hatchery E x p e r im e n ts
E x p e r i ­ Size of N o . /h a tc h l in g s D a te  f i r s t  Sur- W a te r  p a ram ete rs  in
m en t brood re le a s e d /D a te re ie a se  of v iv a l  zoeal tan k s
No female of re lease p o s t  l a rv a /  % A verage A v erag e  Tempe-
(mni) final r e le a s e sa l in i ty DO rature
(ppt) (ppm) range °C
1 140 30,000 2.8.83 5.9 15 8.4 30-32.8
1-7-82 26.8.82 *25
2 150 40,000 2.10.82 4.8 15 , 8.0 30.5
28.8.82 25.10.82 *24.6
5 160 50,000 4.11.82 5.0 ]5 8.1 25-30.8
21.9.82 15.11.82 *24.8
4 158 50,000 m o r t a l i t y  due  to  fu n g a l  inc idence
24-26.8
5 160 55,000 1.12.82 2.0 15 18-22.4
and  superphospha te  p lus  l im e  in  one  m a jo r  i n s t a l m e n t  of 26kg/pohd before le­
t t i n g  in  w a te r .  T h e  p o nds  a re  s tocked  o n e  w e e k  la te r .  T h e re a f te r ,  fertilizer 
is  added in  w a te r  once  a  m o n th  or  15 d ay s  d e p e n d in g  on th e  g r o w th  of phytop­
l a n k to n  or c h a n g e  in  c o lo u r  of th e  w a t e r  I f 'w a t e r  t u r n s  d a rk  g reen ,  then 
p a r t i a l  e x c h a n g e  of w a te r  is  d o n e  fo l low ed b y  a d d i t io n  of lime. T he  latter is 
m e a n t  to  k eep  th e  pond c lean ,  buffer th e  p H  a n d  r a i s e  th e  o x y g en  level.
T h e  p re d a to r s  f o u n d  in  p o nds  a re  .snakes, c rabs ,  m u r r e l s  and  occasionally, 
l a r g e r  c a t f i s h  such as  Wnll(i{/o atiu. C o n s t a n t  a t t e m p t s  a re  m ade  to  remove 
th e m  i n  sample n e t t in g .
Sfoclditfi
Seven  to  t e n  d a y s  old p o s t - la rv a e ,  a t  a n  a v e r a g e  size of 8 m m /l2 -15m g  are 
s to ck ed  d irec t ly  in  e x p e r im e n ta l  cu l tu re  p o nds  f o r  w a n t  of s e p a ra te  nursery 
t a n k s .  F o r  a n y  fu tu r e  p r o g r a m m e  n u r s e r y  t a n k s  h av e  to  be extensively  
m a in ta in e d .
S to c k in g  is also done  a t  a r a t e  of 20,000,h a ,  on th e  basis  of experience 
ga ined  i n  e x p e r im e n ts  on  c u l tu r e  of Mdcrobrachiuiu mnlcoJmsonii (Rajyalakshmi 
et ciL, 1982). P o s t - l a rv a e  a r e  t r a n s p o r t e d  i n  oxygen -f i l led  p o ly th e n e  bags a t  a 
r a t e  of 500 p e r  3 l i t r e s  o f  w a te r .  G e n e ra l ly ,  p a c k i n g  is d o n e  e i t h e r  early  in 
th e  m o rn in g  or l a te  in  t h e  e v e n in g  as  a m e a s u r e  of p ro te c t io n  a g a in s t  rising 
t e m p e r a tu r e s  d u r in g  d a y  t im e . '
S upp lem en ta l  f e e d in g  i s  g i v e n  i n  th e  fo rm  o f  fo o d  balls  p laced  in  t r a y s  and  
arranged in  s e v e ra l  p laces  i n  t h e  p o n d  p a r t i c u l a r ly  a t  t h e  shallow edges .
R ice  p o l i s h  o r  r i c e  b r a n  i s  t h e  base  feed .  M e a t  of f r e s h w a te r  s n a i l ,  Pila 
gloho^ d o r  t r a s h  fish is  m i x e d  w i t h  i t .  F e e d  is  g iv e n  a t  5% of b io m a s s  in  th e  
early g r o w th  p h a s e  a n d  S ’o a t  l a t e r  p h a s e .  I n  t h e  f a r m e r s  p o nds  th is  schedule  
is no t  s t r i c t l y  fo l low ed .
S a n i p / i i u j  :
S a m p l i n g  is do n e  o n c e  i n  a  m o n th  u s in g  c a s t  n e t  o r  by h a n d -p ic k in g .  Be­
cau se  of h e a v y  w e e d  g r o w t h  o p e ra t io n  of n e ts  is  m ade  difficult- T h e re fo re  
h a n d - p i c k i n g  of p ra w n s  i s  d o n e  fo r  t a k i n g  l e n g th /w e ig h t  m e a s u re m e n t .
A s  i n  a ll  o th e r  p r a w n  p o n d s  e i t h e r  of (Mncrobrachium mnlcolmsonii o r  Pena- 
eux monodoii), i t  i s  fo u n d  b e t t e r  to  p u m p  out all  w a te r  fo r  final h a rv e s t in g  a t  the  
e n d  o f  6 m o n th s  w hen  t h e  c u l tu r e  t r i a l s  a re  co m ple ted .
R E S U L T S
H a tc h e r y  E x p e r im e n ts
A s  s t a t e d ,  t h e  w ork  h a s  b een  s t a r t e d  in  1982 a n d  th e  re su l ts  of 4 to  5 tr ia ls  
conduc ted  i n  h a t c h e r y  a r e  s h o w n  in  T ab le  2. T h e  T ab le  2 also sh ow s the  
w a te r  q u a l i t y  p a r a m e t e r s  of  e a c h  e x p e r im e n t .  A b o u t  30,000 to  50,000 h a t c h ­
l i n g s  a r e  r e le a se d  p e r  f e m a le  in  s ize s  of 140 to  160 m m , because  of th e  20-30% 
egg loss n o t i c e d  d u r i n g  t r a n s p o r t a t i o n .  E a c h  r e a r i n g  cycle  h a s  t a k e n  a  per iod  
of 31-55 d a y s  d e p e n d in g  o n  t h e  d a te  of first m e ta m o r p h o s i s  to  post- la rvas .  
Final m e ta m o r p h o s i s  of t h e  c o m p le te  b a tc h  of p o s t - la rv a e  took  a p e r io d  of 3
weekii.
A t a t e m p e r a t u r e  r a n g e  o f  30-32.6‘C, the  t i r s t  p o s t - la rv ae  e m e rg e d  on 31st 
dav A t  28-30.8 C a l o n g e r  t i m e  of 30-36 d a y s  w a s  ta k e n ,  t h e  l e n g t h  of r e a r ­
ing c y c le  i n c r e a s i n g  w i t h f u r t l i e r  d e c l in e  in  t e m p e r a tu r e .  S u rv iv a l  w a s  100% 
upto 6 to  7 d a y s  of r e a r i n g  c y c le .  T h e r e a f t e r ,  h e a v y  m o r t a l i t y  w a s  no t iced .  
During all th e  f i r s t  3 e x p e r i m e n t s ,  a ro u n d  15 th  t o  30 th  d a y  of m e tam o rp h o s is ,  
a sudden c y c lo n ic  s to r .n  t h r e a t e n e d  t h e  o o a s th n e  w i t h  d ras t ic  fa l l  m  t e m p e ra -  
•are ( F i -  T h e  t e m p e r a t u r e  d e c l in e  w a s  2 to  3“C of t h e  a v e r a g e  d a i ly  ran g e .  
This r e su l ted  in  h e a v y  m o r t a l i t y  of m o re  t h a n  50%. T h e  final su rv iv a l  was
thus b e tw e e n  4.82 to  5.97o o n ly .
In  t h r e e  b a tc h e s  v iz . ,  a  p e r io d  of  120 days,  abou t  8 , 0 0 0  p o s t - la rv ae  was
p ro d u c e d ,  [ n  t h e  4 t h  e x p e r i m e n t  a b o u t  8 0 %  m o r t a l i t y  r e s u l t e d  a f t e r  a  s u d d e n
incidence of f u n g a l  a t t a c k  fo l lo w e d  by  m u l t ip l i c a t io n  of cope-pods in  t h e  tank .
Thi« batch was to ta l ly  d i s c a r d e d  to  p r e v e n t  f u r t h e r  c o n ta m m a t io n .
-Sj
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A fifth batch b eg a n  to  be reared  in th e  w in te r  nionths of December to 
J a n u a ry  ( reniperatur© 22.4 C to  18 C) has show n  h ig h  m orta l i ty  at  each moul­
t in g  a f te r  th e  10th d ay .  T h e  zoea have  g ro w n  at  a slow ra te .  D espite  moul­
t ing ,  g ro w th  was no t  ev id e n t  du r ing  th e  mid-phase i.e., 15 to  20 days of re a r ­
ing .  Use of t h e r m o s t a t s  in  th e  rea r in g  t a n k s  has raised th e  tem pera tu re  to 
0.5 C and  resulted  in  som e im p ro v em en t  in  a r re s t in g  m orta l i ty .  T h is  batch 
to o k  45 d ays  fo r  th e  firs t  em ergence of post-larvae.
As the  post- larvae  em e rg ed  they  w e re  acclimatized to f reshw ate r  over a 
3 d a y  per iod  in  a slow-drip  flow and a f te r  one  week of acclimatization and 
g ro w th  th e y  are  tak e n  out  and m arketed  or s tocked in  culture ponds. The 
pos t  la rv ae  showed h i g h  ra te  of cannibalism if kep t  for longer th a n  10 days in 
t h e  r e a r i n g  pools in  th e  h a tc h e ry ,  the  loss r a n g in g  from 8 to 10% in 7 to 10 
days.
An in te re s t in g  fa c t  t h a t  was observed in  all th e  experiments was tha t  even 
from 10 to 15th day of re a r in g ,  some larvae showed fa s te r  g ro w th  ra tes  and 
th ese  m etam orphosed  in  advance  of o thers.  These  early fast  growing forms 
w h e n  stocked in  cu l tu re  ponds turned  out to  be males tha t  have grown to uni­
form  sizes.
C u l t u r e  In G r o w - o u t  P o n d s
Tl\e deta ils  of size a t  s tocking ,  densi ty ,  g row -out  dura tion  u l t im a te  growth 
an d  su rv iva l  are  g iv e n  in  Table 3.
'IMiis was tlie first ex p e r im e n t  of th e  D e p a r tm en t  in a single large  pond of
0.02 ha (in a 38-acre farm).  The  pond was  p repared  by use of cow-dung 
and lime (burnt shell powder) a t  the  ra te  of 25 k g /h a  each. De-weeding of the 
])(>nd was done p rior  to  fe r t i l ization.  Art if ic ia l  hide-outs  were arranged by 
w a y  of h a n g in g  n e t t i n g  m a te r ia ls .  F eed  w as  g iven  in basket- trays .  A t r i a l  
hatch of 1 000 ten -d ay  old post  la rv a  (10-12 m m  in  to ta l  length) w ere  released 
in to  the ponds on A u g u s t  21st. M onth ly  r a t e  of grow th  was recorded by
sampling f'J'able 3).
The  a v e ra - c  g r o w th  was  111.1 mm/15.27g (2nd m o n th  50 days af te r  stock-
inB) 15 : i . 4 . n m / 4 f l . 6 g ( 3n l  m o n th ,  and  161.5 mm/44.8 g f4th month).  T h ®  best 
growth period tullied w i th  la te  monsoon (August)  and w in te r  ..eason (Novem- 
i„.r) for thi.« reKion. W a t e r  t em p era tu re  r a n g e d  from  30.3 C to 18.0 C and p
‘L “s t . t c d  e a r l i e r ,  t h e re  was a d i s t in c t  size differenoe in some of the .oea
1 1 -rir- Thft Dost-larvae stocked in th is  pond a ie  the 
which metuinorpliosed ea r ly .  I h e  post  la r  a _ ^^ninled
e a r l y - n . e t a , n o r p h o s e d  . o e a  of th e  first labo ra to ry  experim ent.  I h e  sampled
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?tock consisted of over 70% of m ales  in  th e  populat ion  and probably th is  fact 
isthe reason fo r  the i r  h ig h e r  g ro w th  a t  each m on th ly  sam pling as compared 
to the following expe r im ent .
Exverimont 2 :
E x p e r im e n t  2 was conducted  in f a rm e rs ’ (sugarcane factory) ponds. F our  
similar-sized ponds excav a ted  i n  soils  of old fac to ry  ash  and  o ther  w aste  over ­
laid by soil. W eeds  h a v e  g ro w n  in  th e  pond.
Post- la rvae  at  an  av e ra g e  s ize of 8 mm w ere  stocked at  a density  of 20,000 
/ha in  each  pond. T hese  post- larvae were the  la te- rae tamorphosed first batch  
in th e  labo ra to ry  ex p e r im en t .  T h e  average  g ro w th  of p raw n  of all the  4 ponds 
from au  in i t i a l  size of 8 mm/6 m g w a s  99.4 mm/0.9g (1st month), 105.8mm/ 
9.67g (2nd month).  S urv iva l  i s  found to be 20% only.  As compared to  experi ­
m en t  1, the  g ro w th  r a te  w a s  q u i te  low.
T h e  ba tch  consisted mostly  of females.
E x p e r im e n ts  3 and  4 a re  in  small n u rse ry  ponds 0.02 ha  in  size, to  s tudy 
the a d a p ta t io n  and g ro w th  in  low-salinity  w aters .  In  these experim ents  the 
t i - e r  p ra w n ,  PewwuH monodon MacrohracJm rosenbergii were stocked to-
e r th e r ,  P<^ naens monodon g re w  from  30 mm (initial size) to  80 nim/4 5 g  in one 
month.' Survival  was also good. MacrohrncUum rosenhergii showed  ^growth. 
of 56 inm/2.5 g  in  a per iod of 30 days a f te r  s tocking.
T h e  sa l ine  ground w a te r  in  th ese  p o n d s  has seeped m  from the su rroun ­
d i n g  reg ions  w h ich  are  s w a m p y  in n a tu re  occasionally  submerged by tidal
waters.
d i s c u s s i o n  a n d  c o n c l u s i o n s
The )iiain aim of th e  s tu d y  and p resen ta t ion  of t h i s  paper is to b r ing  out 
t h e  g r e a t  p o t . utiai th a t  e . i , . t s  t o r  cu l ture  of t h e  g ian t  f reshw ate r  prawn in 
Inlia using available f r e s h w a te r  fa rm  resources .  The expen m en ta l  s tud .es  
r  ducted on h a tc h e ry  r e a r in g  an d  field culture  though  P ^ m ^ n a r y  .n  n a tu re  
r  . t L - n  th e  observations s im u ltaneous ly  b e in g  made by the  o ther Research 
strengt u  ^  i r fo rm a t io n  is  available on the  biology of
he spe ies sau.pled fron .  th e  ca p tu re  fisheries in  In d ia .  The extensive  studies 
the spec.es s » show t h a t  adoption of ex tens ive
r : : : S : : U . r : Z c t i c e s  in  th e  ex tens ive  pond sy s tem s  of A n d h ra  Pradesh 
might lie very economic.  C en tra l  In land
Experimental h a tc h e r y ,  m o d es t  in  size  has  b Since then
Fisheries Research In s t i tu te  a t  K a k in .d a  m  197fa (Anon,
the production was repor ted  to be in the  ran g e  of 10 000 to 0-1 miHion iuvenil-
e .  per  y ea r  In  1982, th e  p resen t  d epa r tm en t  also took up this study produc- 
in/sOOO po.t- larvae in  small four  to five ta n k  u n i t s  in a period of 4 to 4i 
n.ont’hs Both these  h a tcher ies  are  indoor s em i- in ten s iv e  type using filtered,
a g e d  . e a  w a t e r ,  aerat ion and l i v e  feeds of tubificid worm . ,  i h e  rea rm g  con-
ta iners  are mainly plas t ic  and concrete  tanks.
No private  h a tch e r ie .  have yet tak en  up  seed production operation since 
f a rm e r ,  are  yet  to g e t  i n t o  t h e  culture in a large  way. However, the unit 
economics of a .mall  h a tc h e ry  (Table 4  ^ ind ica te s  that  such an enterprise can
be considered beneficial to an  en te rp ren eu r .  . , ,  ^ .
The en t i re  h a tc h e ry  p roduc tion  is based on s ingle  feed viz., tubificid 
worms The worms, collected from d ra in a g e  cana ls  of the  ci ty  drainage 
f r o m  d r i n k i n g  water  system, a re  g row n an d  multiplied in shallow earthen 
ditches  The di tch  has  a mud base fe r t i l ized  w ith  pig m anure .  A flowing 
w a te r  ar rangem ent  keep th e  w orm s alive and  multip ly .  B rousing  of larvae on 
diatoms which grow on walls of the  plastic pools is  inc iden ta l  and  no  attemp­
ts a r e  made to supply cu l t iva ted  feeds of d ia tom s.  _ A n y  o th e r  feed such as 
nauplii  of Artemia snlina could be h igh ly  cost-prohibi t ive .
The survival, g ro w th  and u l t im a te  y ie ld  of po.st-iarvae for  experiment 
h a v e  indicated great  po ten tia l  for in tensif ica tion  of the  h a tc h e ry  practices. 
T h e  physico-chemical w a te r  param eters ,  p a r t ic u la r ly  tem pera tu re ,  is found to 
be a cr it ical factor.  G enera lly ,  K ak inada  a r e a  of Andhra P radesh  has an al­
m ost  equitable tem pera tu re  range  th roughou t  th e  y ea r  w i th  tw o  exceptions.
O ne  c r i t ic a l  period occurs in  M ay-June  in  the  p eak  sum m er  m onths  with the
t e m p e r a t u r e s  r is ing  up to  4 4 X  in  some days. The  2nd cr it ica l  period occurs in 
the months of September/October when cyclonic  s to rm s  and gales occur result­
ing  in  drastic  dip in t e m p e r a tu re  to 22-25' C. T h e  ave rage  optimal range  is at 
9 8  C to 3 l 'C  in these  studies.  H ig h  m orta l i tv  was recorded (Table 1) below 
I n d  a b o v e  this range of tem pera tu re .  T em p era tu re  controls  m ig h t  be necess­
a r y  a t  crit ical t imes, if large  scale m o r ta l i ty  is  to  be p reven ted  in  the future
hatchery  programme.
Use of fert i lizers  and feeds, t h e i r  efficacy in  ex tens ive  ponds are to be stu­
died fa r ther .  Adopting th e  pract ices  advocated by  re sea rch  instituteB in com­
posite culture, the p raw n  ponds are aNo fe r t i l ized  with  cow-dung, superphos­
p h a t e  a n d  u r e a  at specified ra te s  and dosages. In  studies conducted  on rear­
ing  Mncrohraclihim mafcolmsoiiii i t  was observed t h a t  use of fert ilizers/manures 
resulted in th ick  algal blooms (Rajyalakslimi,  et al., 1983). On the  o ther  hand, 
chopped meat of f re sh w a te r  sna i l  P/7rt resu l ted  in  good acceptance by
the prawns and no algal hlooms occured in  th e  ponds. G row th  w^as also quite
Table 4. U n i t  Economics oi‘ M(urolimchium roitenber<iii Seed Production
One U n i t
Breeders
Period of culture
Seed re a r in g  per t an k
Final post larvae per  tank
Cost ;
a. C ost  of 8 tanks  (Cenient)
V ariable costs  •.
C ost  of labour (3 x  Rs. 7.50 
4") days)
Cost of brood prawns 
l(i Rs. 5.00)
1’ranspor ta t ion  of 
seaw a te r /b ro o d  prawn etc. 
(.’ost ol' e lectr ic  cur ren t  
C^ost of shell lime,
f.lieniiculs etc-.
1 ).
3 Persons, 8 tanks 
16 Nos.
45 days 
50 thousand
4,000 (Average) 
4,000x8 32,000 Nos.
Rs. 2400 Capital cost 2,400/-
1080
80
200
75
1510 Variable cost 1,510/-
R e tu rns  :
a. Yield in No. 32,000 R«. 75 (per thousand)'^Rs. 2,400/- 
N e t  incom e per each  production period - B s .  900/-
,-^To(;e Cost of shed no t  included)
1 1 Rp.-an-B of the  use of 2nd pair of chehpeds by the prawns for
U t o t h e  di .eotly, . . . e c f f e e d p e n e t s
a . . - -  -
plenishnu-nt ov ^ ' eulture of Macrohmchmm mal-
h arv , .s t i . i s ta c l«vs  M .t lu .  ,  ^ with two to three  s tockings in a
'“ l o p l e / h a ^ o :  the sHo.. growing season of the  species to opti-
"’n : r
„..U. in for -on.po^ite fish fa rm in g  m a very extensive
total  acreage under pr ivate  f a rm in g  ventures  m igh t  be around 1,500 ha. The 
farms constructed by G o v e rn m e n t  of A ndhra  P rad esh  and distributed to l i s h -  
eries Cooperatives (50 to 100 fishermen for  m an a g em en t  of 16 ha ponds and 2 
fishermen for the newly excavated  1-ha ponds cover ano the r  200 ha. All in 
all, the developments in  th is  field a re  very fast. So far, t h e  composite fish cul­
ture practices advocated by th e  Nationa l  In s t i tu te s  (Indian Council of Agri­
cultural Research) are  followed (Rajyalakshmi, 19b2 . Only one marketing 
channel is open for the f a rm ers  w h ich  is cen tra l ised  in Calcutta  ci ty  in North- 
E as te rn  India.  Conditions a re  now favourable f o r  diver^if ication of culture, 
in trcducing  species such as Mua obrax^ iinm roseiiber(iii and  Macrohrachiuvi malco- 
Unmnii in to  the composite culture  o r  developing a sep a ra te  s t ra te g y  for mono­
culture. Techniques of f reshw ate r  pr.awn culture h a v e  been developed in  India 
VRajyalakshmi, et al. 1983) and  th e  te c h n iq u es  adopted in th e  extensive  grow- 
out systems of Macrobrachiuin rosenherun in H a w a i i  (Fujimara  and Okamoto, 
1 9 7 6 , Hanson  and Goodwin, 1977) can be adopted suitably modified for condi­
tions in  India. Some progressive  fa rm ers  h av e  begun to adopt th is  culture as 
a n  experimental  measure. W i th  th e  seed c o n s t ra in t  removed, the switch­
over to extensive  fa rm ing  of praw n could become m o re  rapid.
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In t ro d u c t io n
S tu d ie s  o n  t h e  h y d r o g r a p h y ,  c u r r e n t  p a t t e r n s  a n d  upw ell ing ,  f auna l  
d i s t r i b u t i o n s ,  f i sher ie s ,  p l a n k t o n  a n d  p r i m a y  p roduc t iv i ty  a n d  so on ,  
h a v e  b e e n  c a r r i e d  o u t  in  d i f fe ren t  c s tu a r in e  w a te r  systems o f  I n d ia  
f o r  y e a r s  p a s t  ( K e m p ,  1 9 1 5 ;  Sewell a n d  A n n a n a d a l e  1 9 7 2 ;  L a  F ond ,  
1 9 5 4 -  S a t y a n a r a y a n a  R a o ,  1 9 5 7 ;  G a n a p a t i  a n d  R a m a s a r m a ,  1 9 6 5 ;  
R a m a s a r m .  a n d  G a n a p a t i ,  1 9 6 8 ;  J h i n g r a n  a n d  N a t a r a j a n ,  1 9 6 9 ;  
R a j y a l a k s h m i .  1 9 7 2  a n d  1 9 7 5 ;  R a j y a l a k s h m i ,  a n d  D e ,  1 9 7 9 ,  a m o n g  
o t h e r s  o n  t h e  s t u d i e s  in  th e  E a s t  C o a s t  o f  Ind ia ) .  T h e s e w a t e r b o d . e s  
h a v e  been  t h e  m a i n s t a y  fo r  fisheries , f o r  fo o d  a n d  e m ploym e n t .  I n r c c e n t  
y e a r s ,  h o w e v e r ,  t h e  e m p h a s i s  o n  th i s  b r o a d  use o f  the  w a te r  has  been 
sh i f t e d  t o  it s u t i l i z a t i o n  for  o th e r  ac t iv i t ie s  such  as  d u m p in g  effluents 
f r o m  v a r i o u s  i n d u s t r i e s  a n d  sew age a n d  u r b a n  wastes. There fo re  it 
h a s  b e c o m e  . m p o r t a n t  n o w  t h a t  e v e r ,  t im e  a  use has  been m a d e  o r  
is e n v i s a g e d  f o r  a  l i m i te d  o r  u n l i m i t e d  w a te r  body ,  a n  e n v i ro n m en ta l  
i m p a c t  s t u d y  is d o n e  u s in g  a  c o m p r e h e n s i v e  a p p ro a c h .  Such  a  s iu d y  
w o u ld  l e ad  t o  a  b e t t e r  m a n a g e m e n t  o f  t h e  sys tem  as  a  whole. This
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im p a c t  s tu d y  in genera l  is a n  a b a t e m e n t  a p p r o a c h  b c c a u s c  in general 
in I n d i a  now ,  there a r e  n o  w a t e r  regu la t ions  for  a n y  user.
W i th  th e  a b a te m e n t  a p p r o a c h  in view, the  a u t h o r s  h a v e  co m m enced  
a  p re l im in a ry  s tudy  o n  e n v i r o n m e n ta l  im p a c t  in  th e  K a k i n a d a  Bay 
with  a  sm a l l  g r a n t  p ro v id e d  by  th e  A n d h r a  P r a d e s h  S ta le  B oard  
for  the  p reven t ion  a n d  co n t ro l  o f  w a te r  p o l lu t ion  d u r i n g  1981-83.
A few app roa che s  h a v e  been  a p p l ied  : A .  T ra d i t i o n a l  
s tud ies  o n  h y d r o g ra p h y  a n d  b io log ica l  s t a tu s  o f  t h e  bay;  B. T issue  
a n d  se d im e n t  ana lys is  to  s tu d y  toxic effects; a n d  C .  A n  ana ly s i s  o f  
the  p re se n t  s ta tu s  o f  the  s t a n d i n g  c ro p s .  A r e a s  o f  h igh ,  m e d iu m  
a n d  low im p ac t s  resu l t ing  f r o m  the  v a r io u s  o n s h o r e  activ i t ies  a n d  
b ay  uses  a r e  show n d ia g ra m m a i ic a l ly ,
M a t e r a l  and  M ethods
Physiography o f  the study area
T h e  K a k i n a d a  Bay s i tu a te d  be tw een  82“ I5 '  E  a n d  82°22 ' E  L o n g i tu d e  
a n d  1 6 ° S r  N  a n d  17“N  l a t i t u d e  is a  sm a l l  c o a s t a l  f e a t u r e  o n  the 
m id -e a s t  coas t  o f  Ind ia .  T h e  bay  is a p p r o x i m a t e l y  132 sq. k m  in 
ex ten t  b o u n d e d  on  its w es te rn  edge  by tb e  m a i n l a n d .  O n  its east 
a  16 k m  long  n a r r o w  s a n d  b a r  is p re se n t  t a k in g  o r ig in  a n d  ex tend ing  
f ro m  th e  ea s te rn  tip  o f  th e  H o p e  is land s e p a r a t i n g  th e  bay  f rom  
th e  sea .  O n  its n o r t h  to  n o r t h  ea s t ,  the  bay  o p e n s  to  the  Bay o f  
Bengal  by  a  wide m o u th .  O n  its s o u th e rn  a n d  s o u t h  western  edge 
th e  b ay  is connected  to  tbe  G o d a v a r i  e s iu a r in e  c o m p le x  th rough  
a  n u m b e r  o f  in te r -c o n n ec t in g  c re e k s  a n d  a  few n a r r o w  rivers which 
t r a v e rs e  t h r o u g h  the  m a n g ro v e s  (F ig .  1).
Bottom topography and sediments
T h e  d e p t h  c h a r t s  d o  n o t  in d i c a t e  a n y  w id e  o r  s u d d e n  f luctuations 
in  th e  profile o f  tb e  b o t t o m  to p o g r a p h y .  T b e  b o t t o m  se d im e n ts  are 
co m p o s e d  o f  l a n d ,  sil t  a n d  c lay  in th e  finer f r a c t i o n s  a n d  shell f ragm* 
ents ,  w o o d  m a te r ia l ,  t e r r ig e n o u s  m in e r a l  a n d  f o r a m in i f e r a  co m p o s in g  the 
la rg e  f ra c t io n s . 'O n ly  o n e  a r e a ,  th e  K a k i n a d a  c a o a l  a r e a  is recognized 
as  a rocky  zone  be ing  b o u ld e r - l in e d .  T h e  m a j o r  p a r t  o f  t h e  b ay  is silty 
clay b ed  w i th  occass ional  s a n d  p a t c h e s  n e a r  th e  s a n d  spi t .  Si lty  clay
pre v a i l s  o p p o s i t e  th e  m o u th s  o f  d r a i n s  a n d  canals  a t  the  sou th  an d  
w es t .
Tides, waves and surface drift in the Kakinada Bay:
T h e  h y d r o d y n a m i c s  o f  the  bay a n d  th e  a d j a c e n t  Bay o f  Bengal  have  
b een  s tu d i e d  by  L a  F o n d ,  1954; S a t y a n a r a y a n a  Rao .  1957 a n d  R a m a -
s a r m a  a n d  G a n a p a t i .  1968. T h e  t ides  a r e  semi-d iurnal .  T h e  m a x im u m  
s p r i n g  t i d e  i s  I -8 m  a n d  the  m in im u m  n e a p  a t -0 '18m .  A  sa n d  sp i t  on
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,h= eas te rn  edge protec ts  the  b a y  a n d  in= ide n ta : iy , l im . t s  th e  w ave  act.on^ 
T h e  waves en te r ing  the biiy a re  r e f r a c t e d  in such  a  w a y  t h a t  they  reach  
the  s o u th e rn  a n d  sou th -w es te rn  s ides  a n d  finally, b e fo re  the y  t/*'
shore,  loose  m u c h  o f  th e i r  energy  a n d  d o  n o .  p r o d u c e  a n y  a p p r e c ia b le
long  sho re  c u r r e n t s  ( B h a v a n a r a y a n a ,  1974).
The  sur face  d r i f t ,  the  genera l  p a t t e r n  o f  the  l i t to ra l  c u r r e n t s  a r e  m a in ly
t o w a r d s  n o r t h  d u r in g  M a rc h  to  S e p te m b e r  a n d  reve rse  d u r m g  w .n te r
season a n d  these  factors  in f luence  th e  d i s t r i b u t io n  .n s ide  t h e  bay  
( R a m a s a r m a  a n d  G a n a p a t i .  1968). A l t h o u g h  the  s a n d - s p i t  is f o u n d  to
b e  e x t e n d i n g  to w a r d s  n o r th ,  a lb e i t  a t  a  slow r a te  ( V a r a d a r a j u l u  e ,  a l
1978), the  Bay  m o u th  has  never  been  r ep o r ted  to  be c lo sed  by  a n y  s a n d  
b a r  fo rm a t ions .
T h e  bay  is q u i t e  sha l low especia l ly  o n  its s o u th e rn  a n d  w es te rn  sideg 
with  a  d e p t h  o f  l - 8 m d u r in g  tides .  T h e  cen tra l  a n d  n o r t h e r n  p a r t  h ave  
a d e p th  range  o f  l ' 8 m - 9 '5 m .
W i th  the  co n s t ru c t io n  o f  a  500 m  lo n g  a r m  o f  th e  f i sh ing  h a r b o u r  a t  the  
western edge  o f  the  Bay m o u i h .  d u r in g  1983, th e  m o u t h  a r e a  is now 
cons tr ic ted .
Sampling stations and the sampling methods :
1 S a m p l in g  s ta t ions  were  id e n t i f ie d  in  the  b ay  ( F ig . )  o n  th e  bas is  o f  
the ir  lo c a t io n  in  r e la t io n  to  t h e  b r o a d  uses o f  th e  B a y .  T h e  s ta t io n s '  
loca t ion  is a r b i t r a r y  a l t h o u g h  f ixed land  m a rk *  a r e  u s e d  t o  so m e  
ex teo t .
T h e  rou t ine  w a te r  an d  soil a n a ly s i s  a r c  c a r r i e d  o u t  in  the  S a m a lk o t  
A g r icu l tu ra l  R esea rch  S ta t io n  o f  A .  P. A g r ic u l tu ra l  U n iv e r s i t y ,  s e d im en t  
ana lys is  for  heavy m e ta ls  e tc .  if  a n y  w as  c a r r i e d  o u t  a t  C I F R I , s  la b o r ­
a to ry  a t  B a r r a c k p o r e  by A to m i c  A b s o r p t io n  s p e c t r o m e t r y .
T h e  ch lo r in i ty  was es t im a te d  by  th e  s t a n d a r d  t i t r a t i o n  m e t h o d  o f  K u n d -  
sen a n d  sa l in i t ies  ca lc u la ted  f r o m  t h e  K u n d s e n  tab les .  D is so lv ed  oxygen  
w as  e s t im a te d  by the  W in k le r ’s m e th o d ,
A  sechi d isc  o f  30 cm d ia m e t e r  w a s  used  for d e t e r m in i n g  t h e  t r a n s p a ­
rency o f  the  wate rs .  T h e  p l a n k t o n  co l lec t ions  w ere  m a d e  w i th  1/2 m eter
d ia .  to w n e t  oF o r g a n d ie  d o t h  (160 cm  in  length)  in a  5 m in u te  h a u l  at
^  ^  ^  { jnpo lychoe te s
piBivalveS 
 ^ [jCrUStQCMDS
■  Fish
in iEchinoderms
o  n  d  J  F m  a
Fig. 2 Faunal coiiiposilion of bcnthic macrof.una at slalions III-VII.
a  m in im u m  speed o f  the  o u t - b o a r d  m o t o r .  B o t t o m  f a u n a  a n d  soil 
sam ples  were taken with  a  E k m a n ’s d r e d g e  (d re d g e  a r e a  9052 cu cm). 
A fter  washing,  the settled v o lu m e  is m e a s u r e d  a n d  n u m e r i c a l  counts  
were made.
Large  b o t to m  fau n a  a r e  taken  w i th  a  1 cm  m e s h  n e t  a t t a c h e d  to  a iron 
f ram e  with  a  sharp ly  to o th e d  rake  (I  1/2 ' x  1 /2 ' ) ,  t h e  net b ag  leng th  
being Ira . This  gear  is d rag g e d  over  the  sh a l lo w  b o t t o m  for  a  d is tance  
o f  lOm.
F o r  ti ssue analysis ,  a n  a b u n d a n t  endcm ic  m o l lu s c  o f  the  Bay,  the  
b lood  c lam  Anadera granosa  was used  as a  b io lo g ic a l  in d i c a to r .  The  
sam ples  were analysed  by the  C e n t r a l  I n s t i t u t e  o f  F ish e r ie s  Techno logy  
a t  K a k in a d a .  W a te r  sam ples  fo r  m e ta l s  a n a ly s i s  w e r e  n o t  t a k e n  d u e  to 
w a n t  o f  p ro p e r  l a b o ra to ry  fac il it ie s .
R a in fa l l  d a t a  for  the  p e r t i n e n t  p e r io d  (1981-83)  is o b t a i n e d  f ro m  the 
m e teoro logica l  o b se rva to ry ,  H y d e r a b a d .
T o w a r d s  assessing the  o re se n t  s t a tu s  a n d  u s in g  it  a s  base  line d a t a ,  
descr ip t ion  an d  discuss ion o n  th e  s t a n d in g  c r o p s  s u c h  as  the  m a jo r  
ben th ic  f au n a ,  the  fisheries, s t a tu s  o f  a q u a c u l t u r e ,  o f  m a n g ro v e  n u r ­
sery a r e a  etc. ,  are  p re se n ted  f ro m  the  p re se n t  i n c id e n t a l  obse rva t ions  
supp le m e n ted  by the  ear l ie r  r e c o rd e d  d a t a  ( R a d h a k r i s h n a  a n d  G a n a p a t i ,  
1977; R a jy a lak sh m i  e( a!., 1972, 1975; R a jy a l a k s h m i  a n d  R e d d y ,  1982; 
N a r a s i m h a m ,  1973; S r i r a m a c h a n d r a  M u r i h y  e t  a l . ,  1979.
-R esu l ts  and  Discussion
A. Traditional Studies
P hysico -chem ica l and b io log ica l p aram eters  a t  s ta t io n s  I - V I l
M o st  o f  th e  s ta t ions ,  I a n d  I I I -V I I  ar= r a th e r  s h a l lo w  ( w i th  m e a n  depths  
r ang ing  f ro m  2 0m  to 3m).  St . I I  is d e e p e r  w i th  7 ' 9 m  d e p t h  ran g e  being 
the  open  sea a re a  o f  the  Bay. T h e  sechi d isc  t r a n p a r e n c y  is h igh  a t  St
. a n d  II  (300 em) and low at St. V and  VII because o f  the shallowness,
b u t  in som e seasons th e  r e a d in g  w as  very low a t  18 cm  w hen flood 
w ate rs  e m e r e d  (S. W. m o n s o o n )  a n d  w here  p r o d u c t i v i t y  was high
All  s t a t i o n s  s h o w e d  a lk a l in e  rea d in g s  o f  m e d iu m  to  high.  T h e  lem pera -  
t u r e  a n d  s a l in i ty  seem ed  to  be  g o v e rn e d  by the  large in p u t s  o f  wate rs  
f ro m  the  R .  C o r i n g a  o n  the  s o u th  a n d  the  wide m o u t h  of the  Bay 
to  th e  Bay  o f  B e n g a l  o n  the  n o r t h .  K a k i n a d a  canal  on  the  west also 
b r in g s  in c o n s id e r a b l e  f re sh w a te r  inflows.  The  m ain  m o n s o o n  is the 
s o u th - w e s t  ( J u n e - S e p t e m b e r )  a n d  a  m i n o r  nor ih -eas t  on e  (Decem ber-  
F e b r u a r y ) .  T h e  c u r r e n t  s ta tu s  o f  th e  h y d ro g ra p h y  of the  Bay is des­
c r ibe d  br iefly as  fo l lows : L i t t le  o r  no  the rm a l  sirat if icaiion was found  
except  a t  St . I .  the  su r face  a n d  b o t t o m  te m p era tu re  differ ing by 
3“ C  on ly .  T h e  g en e ra l  t e m p e r a tu re  ran g e  was 26 3 'C -3 4 °C  (surface) 
a n d  26-6° C - 3 0 '7 ° C  ( b o t to m ) .  T h e  St . IV however had a  d i fTeienceof  
6X  be ing  a  sh a l lo w  p o n d  a re a  w h e re  e va po ra t ing  eiTcct was high. 
S leep c h e m ic a l  g r a d a t i o n  is al so  a b s e n t  indicat ing good  mixing o f  
layers.
T h e  sah'niiy v a r i a t i o n s  were g en e ra l ly  very wide. T h e  sa l in i ty  is 
u n i fo rm ly  h igh  in s u m m e r  m o n l h s  a t  b o th  surface 2 nd b o t t o m  wate rs  
(34 p p t )  d u e  t o  c e s s a s i o n  o f  fresh  w a te r  inflows f rom s o u th ,  increase 
in n e r i t ic  w a te r s  f ro m  th e  n o r th  a n d  to  som e ex ten t ,  e v a p o o ra t io n  
fac to rs  (due to  the  sha l low ness  o f  th e  b a y )  as  show n by th e  high values 
in some p a r t s  o f  the  y ea r  (p a r t i c u la r ly  F e b r u a r y )  in al l the  s ta l ions .  
D u r i n g  s o u th - w e s t  m o n s o o n  ( June  to  S ep te m b er )  .n  the s o u th e rn  par t  
o f  the  Bay, the  sa l in i ty  is a s  low as  4 7 to  12 0 pp t.  D u r in g  w .n .er  
( O c t o b e r - F e b r u a r y )  the  va lues  s t a r t e d  r is ing  show ing  a  pos t -m o n so o n  
U o v e r y .  I n  the  sh a l lo w  a r e a s  the  values reached  as b .gh  as
60 7 p p t .
T h e  d is so lv ed  o xygen  level r e m a in e d  h ig h  (6 0-13 2 p p m )  a t  al l the 
s t a t io n s  e x c e p t  a t  S t .  I l l  w h e re  it dec l ined  to  be low  5 ppin .  
V a r i a t i o n s  d u r i n g  se asons  w as  q u i t e  h ig h  especially a t  s t a t . o n s  I I I  to
VI a n d  b e tw e e n  s u r fa c e  to  b o t t o m  i t  w a s  a ro u n d  1 p p m ,  the  St. 
I l l  V &  V I  s h o w in g  low er  va lues  a t  the  b o t t o m  tha n  a t  the  surface 
w a te r s  T h i s  c o u l d  be d u e  to  th e  a c c u m u la t e d  de t r j ta l  m a t t e r  from 
the  d r a i n s  a n d  t h e  r e s p i r a t io n  o f  th e  l a r g e  beds o !  M od .o lu s .
P la n k ,o r , : T h e  d e n s i ty  o f  to ta l  p l a n k t o n  ran g e d  f rom  0-5  to 85 ml/  
p e r  o p e r a t i o n .
on ly  6-8 spec ies  were fo u n d ,  i n e a i .  i
t h a n  the  St . V to  V II .
Z oop lankton  ; T h e  Z o o p la n k to n  p o p u l a t i o n  is c o m p o s e d  o f  copepods .  
M ysids ,  D ec ap o d  la rvae.  F i s h  eggs ,  P o ly ch a c te s ,  G a s t r o p o d  la rvae,  
Sag itta ,  F o ra m in i fc ra  a n d  T i n t i n n i d s .  T h e  p o l y c h a e t a  a n d  g a s t ro p o d  
larvae were m ore  p reva len t  a t  St.  V  &  V II .  St. I l l  h a d  a  highly 
charac ter is t ic  T in t inn id  p o p u l a t i o n  a s  a l so ,  F o r a m i n i f e r a .  In  general 
this s ta t ion  was r icher  in p l a n k t o n i c  c o n t e n t  t h a n  a l l  o th e r s  d u e  to  
its loca t ion  between the  Inflows f ro m  the  sea a n d  c a n a l  a n d  the  
nu t r ie n t  loa ds  f rom  the  d u m p i n g s  f ro m  a d ja c e n t  g o d o w n s .  Both  
p h y to  a n d  z o o p la n k io n s  sh o w e d  a  b im o d a l  d i s t r i b u t i o n  w i th  a  m a jo r  
p eak  d u r in g  M a r c h -M a y  a n d  m i n o r  o n e  d u r i n g  O ctobe r -  
N o v em b e r .
Benthos-. (Fig .  2) B enthos  r e p r e s e n t in g  th e  b io g e n ic  c a p a c i ty  o f  the  
system show ed  the  m a in  d if fe rences  b e tw e e n  o p en  B a y  s t a t i o n l & I I  
with  sa n d y  b o t to m  an d  very  l i tt le  n u t r i e n t  in f lows; t h e  f a r m  (Si. IV), 
w ith  k n o w n  nu tr ien t  in p u t s ;  w e s t e r n  a n d  s o u th e r n  s t a t i o n s  (V-VII)  
w here  p a d d y  d r a in  effluents a n d  o t h e r  ef f luents f r o m  the  p o p u la te d  
villages a lo n g  it are  ca r r ie d  d o w n .  T h e  s t a t io n  I I I ,  ( w h e re  sh ipya rd  
wastes  a n d  waste  loads f rom  th e  c o m m e r c i a l  c a n a l  a r e  h igh)  had  
h ighest  dens i ty  o f  benthic  p o p u l a t i o n ,  fo l low ed  by  t h e  f a r m  (St .  IV) 
an d  St. V  &  V II .  T h e  o ve ra l l  den s i ty  r a n g e d  f r o m  3-4  806 
no. 1 m^.
Vascular p lan ts  : ( Im p a c t  a t  S t .  V - V I I ) : L a r g e  q u a n t i t i e s  o f  f loat ing 
Eichhornia crassipes  en te red  t h e  B ay  a t  St. V -V I I ,  d e s c e n d in g  f rom  
the d r a in  channe ls  a l  the  s o u th  ( R a j y a l a k s h m i ,  1975) .  P e r h a p s  this 
ab u n d a n c e  ca n  be re la te d  to  th e  re lease  o f  excess n u t r i e n t s ,  p a r t i ­
cular ly  ph o sp h a te s  f rom th e  p a d d y  field effluents.  H i g h  ?« O 5 co n ten t  
was seen in the  sed im en ts  a l  St. V  &  VI.
B. Sediment and tissue analysis
Sedim ent ana ly s is  : An a t t e m p t  h a s  b e e n  m a d e  to  s t u d y  th e  com pos i t ion  
o f  the  s ed im en ts  a t  s ta t ions  I -V I I  w i th  p a r t i c u l a r  e m p h a s i s  on  heavy 
meta ls ,  co p p e r ,  zinc , c a d m i u m  a n d  c h r o m i u m .  O f  th e  f o u r  meta ls  
ana lysed  c a d m iu m  an d  c h r o m i u m  w ere  s l igh t ly  o n  th e  h ighe r  side 
(Tab le  I). T h e  sources o f  c a d m i u m  a n d  c h r o m i u m  c o u l d  be th ro u g h  
the R. G o d a v a r i  wate rs  e n t e r in g  a t  the  so u th e rn  p a r t ,  t h e  m i n o r  p o r t  
ac tivi ties o r  the  co m m erc ia l  c a n a l  in  the  s o u th  e a s t e r n  s ide. Since 
the ana lys i s  o f  co n c e n t ra t io n s  in  w a t e r  c o lu m n  h a v e  n o t  been  u n d e r ­
taken ,  th is  aspec t  c a n n o t  be fu l ly  in t e r p r e t e d
A s b io lo g ic a l  i n d i c a t o r  o f  t o x i c  subs tanees  in the  t i ssues,  a typical 
spec ics  o f  t h e  B a y ,  th e  b l o o d  c lam ,  Anadora granosa  p reva len t  
in  the  e n v i r o n m e n t  a t  S t .  V - V I I  show ed a  sl ight ly  h igher  level of
c a d m i u m  t h a n  n o rm a l .
A l t h o u g h  c o n s u m p t io n s  o f  b lo o d  d a m  o r  any m ol lusc  is no t  com nion
in  th e  B a y  region,  a p a r t  f r o m  th is  pub l ic  h ea l th  aspec t ,  the  Bay 
e c o sy s te m  i tse lf  may be  b a d l y  effected by  the  in t ro d u c t io n  o f  h,gh 
levels o f  hea vy  meta ls  espec ia l ly  in  view o f  the  c o m p le x  na tu re  o f  
Us c u r r e n t  a n d  o th e r  h y d r o g r a p h i c  fac tors .  I n  the  shallow waters 
o f  th e  Bay  w here  th e  c o a s ta l  grasses,  m a ngrove  sh ru b s  make  a  
s ign iB can t  c o n t r ib u t io n  to  t h e  to ta l  c a r b o n  in p u t  i t  is esseniial to
re d u c e  s u c h  inpu ts .
C. An analysis o f  the standing crops
1. S o m e  f a u n a l  d is tr ib u tio n s  a n d  their im portance ( Im p a c t  at S t .  I l l ,
V - V I )  :
T h e  ex tens ive  in t e r - t i d a l  m u d  flats a t  the  m o u t h s  o f  all the  d ra in  
Ihann=T s o n  the  s o u th e rn  p a r t  o f  the  Bay  p ro v id e  o^v .cus ly  very 
T  f o r  a  s m a l l  species o f  b ivalve mol lusc ,  M odiolus.
f a v o u r a b le   ^  ^ Sbel ier  f rom the
T h e s e  f a v o u r a b le  c h a ra c te r i s t i c s  o f  V •
o p e n  sea; 2. C o n t a c t  w i t h  J i l u t e d  sea-f.shw^^^^^^^
; o ^ 1 r r a l ' t u ' r b : t w e : n  each  t ide .  4. Loose  spo n g y  base form ed 
by  o ld  b ed s  o f  M o d io lu s .
fhp svs tam at ics  a n d  ecology o f  the  
T h e  T y  (R a - lh a k r i s h n a  a n d  G a n a p a . i ,  1968) and
b o t t o m  d i s t r i b u t io n  ( B h a v a n a r a y a n a ,  1974). The present
o u  th e  ^  i „ p o „ a n t  differences
:::: r : ‘ e L p . e ,  i .  T h e  h igh . n  i .
- l - : = s - : r r : n l ; L t r a , p a r t o f t h e ^
T h e  i n = f = a s e i n t h e a g r i c u l t u r e  o p e ra t io n s  along
creeks a n d  d r a in s  o P - " ®  ^  , „ a . e r
r r i r ^ d ^ ! — ; : :  region an d  fu r th e r  in to  the Bay.
A n o th e r  d o m i n a n t  m ol lusc  o f  the  B a y ,  th e  w in d o w - p a n e  o y s te r  
Placenta p lacen ta  ( R a d h a k r i s h n a  a n d  G a n a p a t i ,  1967; N a r a s i m h a i n ,  
1973) fo rms a  co n t ig u o u s  bed  ( S r i r a m c h a n d r a  M u r lh y  e t  al.^  1969). 
The  regions  o f  fine clay mixed with  v a r y in g  qu an t i t i e s  o f  s i l t  r ich  in 
organ ic  ca rb o n  (as  is ev iden t  a t  S t .  V -V II  o f  the p r e s e n t  s tudy )  
a re  found  to  be m os t  p roduc t ive  o n e s  in the  bay  ( R a d h a k r i s h n a  
and  G a n a p a t i ,  1967).
F ro m  the  ab o v e  it  a p p e a r s  th a t  species-specif ic  m o l lu s c a n  fishery 
im pac t  m igh t  be o n  the  increase  in the  s o u th e rn  p a r t s  o f  t h e
Bay.
2. Fisheries (A  m ajor resource a n d  u se )  :
T h e  Bay f isheries  arc  a  m a jo r  sou rce  o f  food and  th e  f ishing is 
a r i i san  as  well a s  it  is done  with sm a l l  m echan ised  t r a w le r s ,  w h ich  
s ta r ted  o p e r a t io n s  since 1964. T h e  ca tc h es  showed t h a t  th e  bay  
has  m a r in e - d o m in a n t  species c o m p o s i t i o n  a n d  all the  
species a r e  t r an s ien ts .  T h e  t r a w l in g  in general  is t o w a r d s  the  
m o u t h  area  c o r re s p o n d in g  to  St . 1 &  I I .  T h e  sou the rn  p a r t  o f  the  
Bay (St. V &  V I)  Is fished by the  bag  ty p e  o f  gear  in view o f  its 
being m o re  a  juven i le  p raw n /f ish  g r o u n d  (nu rse ry )  a n d  a  m a jo r  
m ol luscan  f ishing g ro u n d .  A t  St . V I I  a g a in  t raw l ing  is p resen t .  
T h is  shows t h a t  the  en t i re  bay  is a  m a j o r  fishing base .  T h e  to ta l  
l an d in g s  by t r a w l in g  (m echan ised  b o a t s )  a l o n e  was r e c o rd e d  to  be  a t  
16, 210 t in the  1982-83 per iod  a t  the  K a k i n a d a  fishing h a r b o u r .  T h e  
bay  fishing e m p lo y s  m o re  t h a n  30 ,000  f isherm en .
T h e  im pac ts  o f  o n s h o r e  activ i t ies  o n  th e  f isher ies  have  no t  b e e n  s tu d ie d  
in de ta i l  so  far .  H o w e v er ,  a t  St . VI  ( R .  C o r ln g a )  fish k i l ls  a n d  b a d  
o d o u r  h a v e  been r e p o r te d  on  the  d a y s  w h e n  effluents f r o m  th e  su g a r  
fac tories  ( loca ted  30  k m  a w a y  a t  C h c l l u r )  a r e  re leased.
T h e  im p ac t  o f  f ishery  on  th e  bay  i t s e l f  is by  w ay  o f  t r a w l in g  which  
c o ns tan t ly  d i s iu rb a  the  b o t t o m  c o n d i t io n s ;  lo a d s  o f  u n w a n te d  fish a l so  
a r e  d u m p e d  in to  th e  sys tem.
3. A quacu lture  ( Im p a c t  re la ting  to  S t .  I V )  :
A q u ac u l tu re  is a  n e w  fea tu re  o f  th e  bay  uses .  C u r r e n t l y ,  al l t h e  
excava ted  b r a c k i s h w a ie r  fish f a rm s  a r e  o n  the  n o r th  w e s t e r n  p a r t
o f  the  b a y ,  in the  r e c la im e d  in te r t ida l  zone  no t  extensive in 
ac e ra g e  a n d  s i tua ted  a t  s o m e  d is t a n c e s  f ro m  ea ch  o the r  in a  40  k m  
co a s ta l  s t r e t c h .  T h e  f a r m s  a re  on ly  sem i- in tens ive  using b o th  
f e r t i l i za t ion  techniques  as  well  as  arti ficial feeding a t  a  low level. 
N o n e  o f  the  p o n d s  use  a e r a t i o n  sys tem s  a n d ,  release of  water  f rom 
p o n d s  to  the  Bay c o u l d  be  tw ice  in a  m o n t h  a t  low tides o f  the 
s p r in g  t ide  d u r a t i o n .  T h e  w a te r  re te n t ion  t im e  in a  farm averages 
15-20  diiys a n d  w a te r  f low-in  d u r in g  the  sp r ing  tide average 1-2 m^ 
to  a  p o n d  d e p th  o f  1 m.
T h e  to ta l  p r o d u c t io n  f ro m  ail the  f a rm s  on  a  m a x im u m  could be 
a r o u n d  20 t /y ea r  a t  p re se n t ,  the  range  be ing Q-3 t  to  20t.
C o n d i t i o n s  in ihe f a rm s  in r e g a rd  to the  vo lum e,  velocity an d  height 
o f  flow a n d  ebb  tides  v a ry  f ro m  season to  season  in relat ion to the 
f luc tua t ions  in the  Bay. T h e  e n v i ro n m e n ta l  im pac t ,  in this case, f rom  
f a r m  effluents , d e p e n d s  a l so  o n  the  m a n a g e m e n t  o f  the fa rm .  
C o m b in e d  w i th  the  m u l t ip l e  uses  o f  the  bay w a te r  where the  fa rm s  
effluents  a r e  d i sc h a rg ed ,  it is n o t  q u i te  ev iden t  a t  th is  stage w hether  
th e  f a rm s  cou ld  yet  be q u i t e  c o n t r ib u to ry  to adverse  env i ronm enta l  
im p a c t .  A t  w ha t  level o f  increase  in f a rm  ac rea ge  (a n d  hence water  
u t i l iza t ion )  the  c r i t ica l  level is reached w hen  im p a c t  is felt, m us t  
be assessed yet. M a rg in  m u s t  a l so  be given for  th e  possible expansion  
o f  th e  b r a c k ish w a te r  a q u i i c u l tu r e  not only  in the  fringes (as existing 
to d a y )  bu t  also  to f u tu re  d e v e lo p m e n t  in the  Bay  itself (maricu l tu re ,
by way o f  pens ,  cages  etc , ,) .
4. M angrove  systen is  ( Im p a c t  re la ting  to S ts .  V -  V I I )  .
M a n g ro v e  ecosss tem s  a r e  k n o w n  to  be h ighly  p r o d u c n v e  and  in m any  
a re as  a re  c o n s .d e re d  to  be p r im a ry  p ro d u c e rs  in e s lu a n n e  food 
c h a in s  o n  w hich  la rge  c o m m e r c ia l  fisheries a re  based  (O dum  an d  
H e a ld ,  1975). The  c re e k s / r iv e rs  a t  the  s o u th e rn  en d  o f  the  Bay d ra m  
extensive  a n d  t h i c k l y  v e g e ta te d  m a n g ro v e  bel ts  the  la rge  tree variety,
the  b r u s h  type  o r  the  s u b m e r g e d  grasses .  A lm o s t  all the r u e r s  
t rave rs ing  these  m a n g r o v e s  a r e  qu i t e  d e e p  a n d  sh o w  no  exterisive 
s il ta t ion.  W a te r  c u r r e n t s  a l so  vary  widely in  t h e s e  areas along 
with  the  t ides  except fo r  th e  creeks co n n e c te d  to  the R. G odava r .  
(R a t n a s a r m a  an d  G a n a p a t i ,  1968). T h e r e  is a l so  a  steady sahn . ty
grad ien t .
T h e  to ta l  a rea  u n d e r  m a n g ro v e  b ed  m i g h t  be  m o re  th a n  lO.OOOha 
a r o u n d  rivers a n d  creeks d r a in in g  to  St.  V I  to  V II .  S o m e  creeks 
(St. V) d o  no t  receive m uch  f lood w ate r ,  t h e re fo r e  flow is d i r e c t io n a l  
tow ards  the  B ay  expor t ing  la rge a m o u n t s  o f  v ege ta t ive  d e t r i tu s  f ro m  
the mangroves as  show n in o th e r  s tu d ie s  e lsew here  ( O d u m  a n d  
D e  La cruz,  1967; O d u m  an d  H e a ld ,  1975). A c tu a l  m e a s u r e m e n ts  o f  
de t r i tu s  p r o d u c t io n  was how ever  n o t  d one .
All the  above cha rac te r is t ic s  seem to  f a v o u r  ex tens ive  p r a w n  n u rse ry  
system (M c H u g h ,  196?). As r epo r ted  by G a n a p a t i  an d  S u b r a m a n y a m  
(1966), R a jy a la k sh m i  (1972 a n d  1975), ex tens ive  ju v e n i le  p r a w n  
fisheries exist in th e  s o u th e rn  p a r t s  o f  the  Bay. T h e  sm a l le r  b r u s h  type  
vegeta t ion ad jac en t  to  s ta t ion  IV-VII  h a r b o u r  p o s t l a rv a e  o f  p a r t i c u la r ly ,  
Penaeus monodon  (R a jy a la k sh m i  a n d  R e d d y ,  1982).
As show n ear lie r ,  in the  recent dec ad e  the re  h a s  been an  o r g a n i s e d  
r ec lam at ion  o f  co a s ta l  l a n d -p a r t i c u i a r ly  the  m ang ro v e -f l l lcd  m a r s h y  
in ter t ida l  zone  a t  th e  n o r th -w e s te rn  edges  o f  the  B ay  f o r  b ra c k i s h w a te r  
aquacu l tu re .  T h e  d i r e c t  im p ac t  r e su l t in g  f ro m  e x c a v a t io n  is t h e  loss 
o f  top  soil a n d  th e  m a n g ro v e s ,  the  la t t e r  o f  w h ich  act b o th  as  a  r ich 
feeding g ro u n d s  a n d  buffer zone  a g a in s t  e ro s ion  a n d  f lood d a m a g e .
CoDclusioDS
T h e  lack o f  in f o rm a t io n ,  a n d  m e th o d o lo g y  a s  is r e q u i r e d  f ro m  a  
m u l t id i sc ip l ina ry  a p p r o a c h  t o  th e  c o a s ta l  e n v i r o n m e n t s  resu l t s  in  o u r  
inabil i ty  to  p red ic t  w i th  even 50 %  ac c u ra c y  th e  effcets o f  a  p a r t i c u l a r  
ac t ion  such as  a  c o n s t ru c t io n  o f  a  s t r u c t u r e  o r  a n  e s t a b l i s h m e n t  o f  ao  
ind u s t ry  o n  the  ex i s t ing  activ i t ies  a n d  s t a tu s .
T h e  K a k i n a d a  B ay  is a  typ ica l  e s tu a r in e  sys tem b o t h  “ h y d r o g r a p h ic a l ly  
a n d  physiograph ica l ly*’ ( R a m a s a r m a  a n d  G a n a p a t i ,  1968). K e e p in g  
the  com plex  p a t t e r n  o f  w ate r  c i r c u la t io n  in th e  B ay  in view, th i s  sm all  
B ay  is a rb i t ra r i ly  d iv is ib le  in to  th r e e  b r o a d  a r e a s  to  s tu d y  i n t e r r e l a t i o n ­
sh ips  a n d  im p ac t s  re su l t in g  f ro m  ai l m a n - m a d e  o n - s h o r e  in te r fe rences  
a n d  uses in the  b ay  it self  (F ig .  1),
So far  n o  m o n i to r i n g  p r o g r a m m e s  a r e  in o p e r a t i o n  in  the  K a k i n a d a  
B ay  which,  as  sh o w n ,  is a  m u l t ip le  use  sy s tem  w i th  h ig h  p r o d u c t iv i ty  
indices . T h e  type  o f  a p p r o a c h  to  be u se d  fo r  a n  i m p a c t  s tu d y ,  p r e s e n te d
in  th i s  p a p e r ,  h a s  been  d r a w n  u p  to  p rov ide  t r e n d  t y p e  o f  in fo rm at ion
p l u s  s u c h  o f  t h o se  d a t a  w h ic h  c a n  be used  as base - l ine  in fo rm a t io n  for 
a s s e s s m e n t  o f  a  sh o r t  o r  lo n g - te rm  h a z a r d s  to  th e  B ay  w ithout  bias 
t o w a r d s  a n y  s ingle  use. M a n a g e m e n t  p r o g ra m m e s  f o r  the  Bay must  be 
d e v e lo p e d  o n  th is  bas is .
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A Stud}' on Mangrove Ecology and Im |iactin  Kakiiiada Bay
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The so u th e rn  shores of K akinada Bay (Lat 82 15'—82" 22' E and Long, Ifi' 51— 17 • ) 
is  a region of mudflats  interspersed witli c reeks and rivers th a t  t raverse  througn dense m an ­
grove forests .  T hese  forests  extend south  e a s tw a rd s  to  the m ouths  of the  Godavari estuari- 
ne system
The species compris ing these are  the la rger  tree  varie iios  in dense formations about 10 
troes/10 m- . Avicp.uuin sp  , h’liiziif/houi sp. and a  few small shrubs thes^e luttor extend 
to w ard s  the  B ay -s id e  fr inge. The beds pe t  subnieriied to  roo t level in tlie d iurnal hipb tide 
and  sp r ing  t ides ( t id a l  range  I —1.8 m w ith  vory l i t t le  wave action). These a reas  contribute 
to  a con t inuous ,  sl ial low, niud-covored, submerijod nu tr ien t  zone which forms a nursery for 
u number of b r a c k i s h w a to r  fish and prawn species- The nianprove forests  also contribute 
t o  heavy l e a f - l i t t e r - d e t r i t u s  load to the K ak in nda  Bay through the c reeks /r ivers  ; The data  
in d ica tes  a m ediun i-cnnrgy  system
Tlirue r iv e r s /c ren k s  viz., Mathipalem. Coringa and Gardeni are  sampled at the ir mouths 
v e ry  ad jacen t  to  m u d f la t s  ( the in te r t ida l  zone) to  study the chen;is try  of soils  and waters, 
b io log ica l  p ro d u c t iv i ty  (of p lank ton ,  bonthic fauna and larger m ol luscan  beds) and impact 
on K ak in ad a  Bay .
The r ivers  a l so  t r a n s p o r t  sugar  mill d i lu e n ts  and contr ibu te  to  adverse impacts on 
in te r t id a l  zone cover ing  the  mangrove based vegeta tion ,  fauna and the mud flats.
The so u th e rn  fr inges  of the  Kakinada B a y  a r e  predominantly  miid-f»ats 
in terrupted  by c r e e k s / r iv e r s  which trave rse ,  at the h a y w a r d  e n d ,  through 
dense  fo res ts  of m a n g ro v e  as mentioned by Rarnasarma and G anspa th i  (1968) 
in the i r  s tudy on the  Bay hydrography .  The larger t r e e s  a r e  located at a 
h e ig h t  of 0 3 m in  re la t ion  to oreek r iv e r  low w a te r  level but in high tide and 
spring t ides  m a jo r  p a r t s  are innundated .  A part of tlie system  forms a fr inge 
along the e ro d in g  c reek / r iv e r  b an k s  with roots  in th e  w ate r  but on the 
bay-ward side th e  t rees  are succeeded by vascular p lants ,  the  shrubs and 
grasses on the mudflats due, probably, to show encroachm ent  and reclamation 
for human hab i ta t ion  and paddyfields.  especially in Matlapalem creek 
(Rajyalakshmi. 1975). However,  th e  creeks  are h ighly saline in non-monsoo- 
nal seasons, deep w i th  a d irectional flow towards the Bay.
The hydrobiological ch a rac te r i s t ic s  of th i s  i m p o r t a n t  ecological zone
] - Central Marine Fislieries Res. In s t i tu te .  Cochin. 
2. P ur i  Res. Ceutre of C. I F . R. I., Puri-
towards its lower reaches on Bay are s tudied w ith  a view tow ards  as?e?^siiig 
the ir  impact and contribution to the Bay p roduc tiv i ty ,  particularly the food 
Wfh. as a buffering zone at the in te r t id a l  reg io n  a n d  i ts  co n t r ib u t io n  as a 
juvenile nursery ground and niollu»'can fiphei-y-
I'he nnijor problem liere is that  the  c reeks  and r iv e r s  a re  used, u nau thon-  
i^edly. as eiTluent release grounds for sugar  fa c to ry  located about 30 km  ups t ­
ream. The periodical releases blacken the surface areas, p a r t ic u la r ly  of Co- 
ringa r iv e r  and if coinciding with h igh t ide, the en t i re  m an g ro v e  bed is 
covered over. I t  eiiianates noxious odour and  fish kills ex tend  in to  th e  Bay.
Earlier studies contr ibu t ing  to tl ie ecology and species d is t r ibu tion  of tlie 
Indian mangrove sys tem s are those of Dwivedi  ( 1 9 7 3 )  and Dwivedi ef (il 
U ntaw ale  fc/ci/ ( 1 9 T 3  and 1 9 7 7 ;  L akshm ana  Reddy  and Hao 198G)  timong 
others.  'I’he ]iresent s tudy,  in addit ion to p re s e n t in g  the ecology of the 
region,  is also an emphasis  on environm enta l  im pact  which fornied a par t  of 
major study on enviro iunenta l  impac.t in  K ak in a d a  Bay (Rujyalakshmi ('t (d 
1985).
CLIMATOLOGICAL AND TTnAL FACTORS :
T h e  climatological fea tures  of th e  K a k in a d a  Bay- G o d av ar i  es tuar ine  
complex ranges from hot  summer t e m p e ra tu re s  '35*^0 on an average) and 
luitnidity to declining tem pera tu re ,  of an o rde r  of G-8'C. and heavy  rainfall 
(Sonth-west nionsoon) from Ju ly  to Septem ber and flooding of r ivers ,  followc-d 
by post-mon.'oon recuvei'v in sa l in i ty  bu t  fu r th e r  dec l ine  in  tem p era tu re  to 
around 22"C, from October to February .  T h e  av e ra g e  annual  ra infa l l  is  118 
cm. S trong  winds prevail in April-May.
/I e tides in the Bay are diurnal : but tw o  periods of h ighes t  h ig h  tides 
occur in the  annual cycle, once in early M ay  and an o th e r  time, in November.  
1 he spring  tides have a maximum tide of 1.8 m and minimimi neap t ide at 
-0.18 m.
No long-shore curren ts  are p re sen t  in t h i s  reg ion  but m onsoon  flood 
em anating from the  r iv e r s  G aderu  and C or inga  connected  to Godavari ,  
cauce heavy churn ing  action and b r in g  in h igh  sed im en t  loads ’Ramasarma 
and Ganapath i ,  1968;.
m a t e r i a l s  a n d  m e t h o d s
Ih r e e  sampling s ta t ions  are established at  the mouths  i.e.. in low shcre- 
line of mangrove forests  of the  th ree  m ajor  r ive rs  and one major c reek  viz ,
Matlapalem creek i St. I}, the  R. Coringa ' Ht IB and R. G aderu  St. II I) .  The 
r ivers are  off-^hoot from R. Godavari .  All t h r e e  t r av e rse  t l irough den^e man­
grove forests  and sh rub  v eg e ta t io n . the la t te r  p a r t ic u la r ly  in  M u lap a le m  creek
Rajyalakshnii, 1975). T h e  sam pling  w as  conducted m on th ly  for  two years  
1981-82 and li)82-83.
The w a te r  and soil  sam ples  were  analyj=ed for  ten ipera lu re .  Raliri ty,  pH, 
EC, Dissolved o x ygen  and  n u r ien ts  u?ing s tan d a rd  methods (APHA. Ili65). A 
30 cm dia. Sechi  d isc  was used for e s t i m a t i n g  t ran sp a ren c y  of waters .  
Plankton sam les  w ere  ob ta ined  w ith  a lialf m e te r  tow net,  tow ed for 10 niinu- 
ifs  using  a boat w i th  ou tboard  motor.  Bottom soil samples for  henthic  fauna 
wd ' obtained w itb  E c k m a n 's  d redge >9052 c m ” area). The  samples were 
washed, se t t led  vo lum e is m easured and iiutnerical counts  w ere  made of 
the fauna. L a r g e r  f a u n a  w ere  obtained by a i ron  rak e  attacl'.ed to  a i n- length 
mesh baf^.
T h e  m a n g ro v e  d en s i ty  was es t im ated  as 10 t ree s /  10 m*. ' Ihe  bed area 
itself  was no t  covered  in t h i s  study.  T h e  leaf-l i t ter  contribution is taken as 
approx im ate  e s t im a t io n s  in tw o  est im ations only ,  as 10 kg m-.
l i l iS U L T S  AND DISCUSSION 
T h e  m an g ro v e  fo res t  ex tends r ig h t  up to  the  high tide e n d  of the tidal 
mudflats at the  nioutlis  of th e  th ree  r iv e r s /c ree k s .  1 he ave rage  depih ranged 
from 1.0 to 1.9 m. T h e  w a te r  sa l in i ty  w a s  h i g h l y  variable governed hy the  
large inputs  of f r e s h w a te r  from the two r i v e r s  particularly d u r in g  July-fcep-
tember ,  when th e  s a l in i ty  declined to 4-7 to 12 ppt. I h e  post-monsoon
recovery  was sh a rp  and  rose t o  3 2  ppt a n d  o c c a s s i a n a l l y  upto  47.5 ppt due to
capillary action  from sed im ents .  All the th ree  s ta t ions showed alkaline rang - 
of pH, the to ta l  a lk a l in i ty  at  60 imin inuim; to  153 mg maximum), 
general tem pera tu re  range  was 26.6 —30.f)^C. The w a t e r  t iansparency  
wed the p a t te rn  of floods, declining to 72 cm (munsGOii) and r i s ing  - P y
to 300 cm  ( s u m m e r ) .  T h e  dissolved oxygen  r e m a i n e d  h i g b  in all the seasons
at 6.4 to 14.8 ppm. T h e  soil pH was in alkaline range ..9 8.3 and 
to  6.1 m m hos/cm . The  organ ic  ca rbon  was at  0 . 3 7 - 0  60 
medium values for production. The phosphorus conten t  was very o
3.00 -9 .7 5  ppm reflecting h igh  l o a d i n g s ,  p r o b a b l y  b o t h  from decomposi lon^ 
from m angrove beds and i n p u t s  f r o m  paddy field dra inage.  CaCOs was q 
h igh .  _ ,0 , ,  
A t  the th ree  s t a t i o n s  5  species of phytoplankton Ciaeioie.i-^ /<
Coscinodisciis sp..  (3.7%), Fragiiaria sp. (0.76%i, NoctUuca sp. (3°.i,), Oikopleura
а.7~ld%) were recorded, 'am o n g  o thers .  Among zooplanktcn,  
fT 2 .7 -7 8 .C - )  were  p redom inan t  followed by niysids (2-10,4%,, decapod larv
б.S-9.i% po lychaete  larvae (1.7-2.3SI. gastropod Iarvae(l»„; and fish eggs an
B .  o thers ,  all i , .d ica t ing  chaoter is t ic  composition of saline dom inan t  water.-.
volume, plankton const i tu ted  2.5 to 14.0 ml per operation. A hioniodal d istr ibu­
tion was evident w ith  a major peak du r ing  .Marcb-May and m inor one during 
Ojtober-N’ovember. Benthic m acrofauna  consti tutel  2-9 no.ni", consti tuted by 
bivalves (20?o), polychaetes (60 o), I?opods 20^o'- Oooassionaliy decapod.<= also 
occured- The general density observed to be not high.
The data presented herein indicate.s th a t  the  iiiangrove fo res ts  h e re  arc of 
medium energy pysten) oontrolled by the  w a te r  levels, (diurnal ^ides and 
monsoonal floods) but weak wave ac t ion .  This  is the reason perhaps  for the 
lugh tree populations as explained by Dwivedi fi/ (19~5) for Orda swamp at 
Goa. But the presence of larger benthic molluscan beds ind icates  tha t  t h e  sys­
tem is of medium en e rg y  re'^ulting from s tro n g e r  curren ts  flowing in from 
the connections to R. Godavari.
Higher vascular plants  such as EicJiliorma rm.s-.s/pt'.s en tered  th e  creek 
water and transported to tlie intert idal zone during monsoon flo(;ds.
Sodimeut analysis  was i-eported eai-lier iRajyalakslimi el (iJ, 1985j wherein 
the  presence of heavy n\etal and above norm al  concenlruticms of cadmium and 
chromium were .shown. Simiiary a pre l im inary  ana lysis  of t issues  of the 
mollusc, the blood clam Ajta</nrn {iravosa also recorded p resence  of higher 
concentra tions of c;admium.
About a hundred yards away f rom  mouths  th e  mudflats m erge  into 
shallow fish grounds. The species composition being of Modiohis sp. Aund(tru 
{/rano^ a and the window paiie oys ter ,  P/acentd phicenUi The la.st two are 
re latively lower in abundance being probably  at the  tail end of t h e i r  distribu­
tional range (Rajyalaksbmi 1985 a).
The sed im entat ion  and nu t r ien ts  f low ing  from the  m ang ro v es  and the low 
to medium tidal efTeot from the  Bay m o u th  seeni to have resulted  in suitable 
conditions for the formation  of these  beds which are com m ercia l ly  exploited 
for lime kilns. F u r th e r ,  suitable p lan k to n  feed has also resulted  for  these 
filter feeder from th i s  nu tr ien t  load ca rr ied  in by th e  t idal  flows from the 
forests.  While no  detailed sampling and  es t im ate  has been made of the  leaf- 
lit ter,  an estimated amount of 10 k g 'm -  (dry ni itter) seem to be a.vailiible. 
Qntawale et al. (1977) reported depo.sits of organic  de t r i tu s  to the  tune  of 
10 t /ha /y r ,  in muddy m angrove wet lands.
The increas ing  presence of Modiol/ifi sp. bpd« migli t  reflect also conditions 
of eutrophication in these  areas due to h igh nu tr ien t  loads t ranspor ted  not 
only from m angroves but also the increa<-ing number of paddy fie-lds along the 
hanks of the river.  The  presence  of h eavy  metals  is a n o th e r  hazard whicli 
might alTect the m ang ro v es  also. N a la ra jan  and Gliosh (1985) have report d 
concentra tions of uranium in m angrove  leaves. Similar adve rse  effect niigiit
a lread j  be o cc u rr in g  by the  sugar-mill effluent released from the  upstream, 
w h ic h  cover th e  m a n g ro v e  roots during  high  tides,  This leads o sy g en  deple­
t ion ,  am ong o th e r  effects and juvenile  fish kills. Rajyalakshmi (1985), 
G anapachi  and b ab rah m an y a m  (1966) have ail reported  on th e  im portance of 
th is  ecosyjitem as a n u r s e ry  ground. This  will ultimately adversely atfect 
th e  commercial  fishery of the  Bay itself.
As a forem ost  s tep  a t  conservation of th is  important ecosystem: (1) The 
organised  rec lam ation  of th e  zone for paddy fields b rack ishw ate r  aquaculture 
and o ther  uses uui<t be prevented.  Major effect of removal of mangrove 
f i ' res t  would be on t h e i r  ac t ion  as buffer zones between land and water usages 
and the sea and p r e v e n t in g  en try  of unhindered  sediment loads to ihe Bay (2' 
R ep lan t in g  of natural seedlings in some of the exis t ing  bare patches p re v en t ­
in g  o th e r  uses (such as lime kilns) here. (3) I 'o ta l  p rev en t io n  of re leases of 
su g a r  mill and  o th e r  indus tr ia l  effluents. (4) F u r th e r  detailed studies in the 
tipper and middle zones of the main m angrove  forest area must bo conducted.
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(BAY OF BENGAL)
(.With a photograph)
The occurrence of sunfisli in any sea is a 
rare event. It is so rare that e v e Q  fishermen 
engaged in fishing throughout their lives find 
it totally strange when they come across one. 
On 6 May. 1986. a local fisherman reported 
to the Zoology Department of the Andhra 
University that a very strange looking fish was 
part of that day’s catch. The local fisherman 
community had not seen the likes of it ever 
belorc. It turned out to be a sunfish, more 
specifically, Mola inola.
The occurrence of M. niola was first rccord- 
od in Indian waters by Khan (1975) from 
(he Arabian Sea, near the Bombay coast. 
Earlier. Deraniyagala (1944) recorded one 
specimen from Ceylon (Sri Lanka) waters. 
There were some other reports of the occur­
rence of allied specics {Ranzania, Mastiirus) 
of Molidae from the Arabian Sea bv Kulkarni 
(P)53). Chhapgar (1964) and Khan (1975). 
So far. /V/. niola has not been reported from 
the Bay of Bengal and the present finding is 
a mailer of biological significance.
Dh.scKH’ rroN o r  t h e  f i s h
tip of anal fin 
Vent diameter 
Length of  gOI opening 
Meristic characters-. 
Dorsal fin rays 
A nal fin rays 
Pectoral fin rays
1350 mm 
40 mm 
60 mm
15
13
12
\-!f>rphoniclric characters:
Tot;il length 912 mm
Standiird (preciaval) length 730 mm
Body depth 632 mm
Head length 280 mm
Eye diiimeter 55 mm
Snout length 130 mm
Length from tip of snout to origin
of dorsal fin 630 mm
Length from tip o f  snout to origin
of anal fin 640 mm
Length of dorsal fin 490 mm
Length of anal fin 480 m m
Length of  pectoral fin 130 mm 
Length from tip of  dorsal fin to
The clavus was too thick to count the caudal 
fin rays.
Ideniiiy of the fish. The fish had all the 
characters of M. mola. The body was typically 
truncate without a caudal peduncle. It was 
laterally compressed with high dorsal and anal 
fins being situated far behind on the body. 
Pectoral fins were small and situated at Uic 
middle on the sides of the body behind the 
head. Pelvic fins were absent. Colour of the 
body was grey with silvery shade on the 
ventral side and dark shade on the dorsal side 
and fins (Photo. 1).
Very little is known about the life of sun- 
fishes. There arc some general accounts which 
state that they arc oceanic and epipelagic. The 
inference was drawn because of the usual sight­
ing of these fish basking in the surface waters, 
far away from the coast. It is possible that 
such basking fish are ill, riddled with parasites 
(Harbison 1987) or old. Young fish were found 
to be “active and alert” (Fraser-Bruner 1951). 
Harbison (loc. cit.) and his team of workers ob­
served the swimming behaviour of Mastiirus 
lanceolalus (Molidae) at close quarters at a 
depth of 670 m. The graceful sculling move­
ments of the fish at that depth, where they 
were more common than at the surface, and 
the relationship with certain type of food 
organisms like ctenophores and medusae, show 
that the natural habitat of the fish is meso-
Photo. 1, Sunllsh MoUi mola  (L.)
Lef t :  Entire fish: Anterior region enlarged (Scalc =  500 mm).
(Photos-. B. Ram Bhaskar)
pciadc rather than epipelagic. Similarly M. 
/nola was found to desccnd to a depth of 
180 m (Harbison. loc. cit.).
The present specimen was also caught at a 
depth of about 200 m as reported bv the 
fishermen. It was an unusual sight for the 
fishermen because they seldom cast their gear 
in such deep waters. Even on the few occa­
sions when they do deep-sea fishing, the 
chances of a sunfish getting caught in their 
deep water gear (usually hook and line) are 
almost nil bccausc of the alertness of the fish. 
These fish may be present in the mesopelagic 
relgons in considerable numbers but thev are
not well known because of negligible fishing in 
the region and that too by hook and line 
only, which may not catch the fish. It is not 
becausc they are not there but because we do 
not have the gear to catch them at such depths, 
ti'at their appearancc is such a rare event.
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SEED PRODUCTION OF T\it GREEN TIGER PRAV/N, PEMAEUS SEMISULCATUS
IN NON-CIRCUUATORY AND MON-AERATED SEA WATER IN AN OUT-OOOR TANK
G.MaheswarudUy N,N,Pina1, P.Vedavyasa Rao and P.E.Sampson Mantcka 
and M.R.ArputharaJ
Regional Centre of the C,M.r,9,I., Mandapam Carrp
INTRODUCTION
The conmunlty culture or Japanese method tn large 
out door tanks and monoculture or separate tank culture, also 
known as •Galveston* method of culture. In Indoor tanks are the 
two basic hatchery systems currently employed for the production 
of penaeid prawn seed. Similarly, the advantages and 
disadvantages of establishment of sophisticated hatcheries 
capable of producing several millions of seed, and tlie small- 
slze, low-<ost hatcheries to meet the requirement of snall-scaie 
culture operation, are the two aspects which are being considered 
and discussed In the promotion and development of penaeid prawn 
culture In several of the developing countries Including India.
In the latter context, an experiment was conducted In the 
rearing of larvae and post larvae of the green tiger prawn, 
Penaeus scmlsulcatus. an Inportant species, supporting the 
cofrrorclal prawn fisheries of the south-east coast of India 
and a species having great potential for culture In the sea water 
fed grow-out system, in an out door tank. The experiment was 
carried out as one of the series of hatchery runs to produce 
seed for ranching the species currently Implemented at the
Rcgional Centre of the Central Marine Fisheries Research 
Institute (CMFHI), Mandapam Carp,
LARVAL AMD POSTLARVAL REARIMf^
A rectangular ccmont tank of 6l-t capacity ava11d)le 
in the open space at the marine aquarium ccrplex of the Regional 
centre of CMFRI.^ vras used for rearing t*TC larvae and post larvae. 
The tank was cleared and sun-dried for t\^ o days# 26,5-t of 
unfiltered sea water and stored In an overhead tank was punped 
into the tank on U 7.88*
Five spawners ranging In size from 133 nm to 175 nm 
total length (weight 16 to 52 gr«), procured from the trawl net 
operated off Mandapam, was brought to the laboratory on 30#6,88* 
Following the procedure^ developed by the Institute (Silas et 
^.f1985) each of the spawners was kept in a conical bottom 
spawning tank of 250 1 capacity containing 200 1 of aerated 
sea water, to v/hich EDTA was added to facilitate spawning*
As normally observed, all the five spawners liberated
viable eggs during night time to produce a total of 6,87,637
active nauplii by the afternoon of 1.7.88. These nauplli were
collected from the spawning tanks and transferred into the
already prepared cement tank. The details of the rearing strateg
followed in the experiment from N1 to PL25 over a period of 33 
days are given in table 1.
On 2.7#08, when the nauplii reached NaupHus VI sub­
stage, the sea water In the tank was fertilised with 3*8 g of 
pos
potassium nitrate (KN03) and 1,8 g each of Potassium dihydrogen 
orthophosphate (KH2P0^), sodium silicate (Na2S103) and ethylene 
diamine tetra acetic acid { disodlum salt) (CH2.N (CH2.C00H). 
CH2C00Na)2«2H20)« Besides, 150 1 of mixed phytoplanton culture 
dominated by Chaetoceros sp, was also added to facilitate 
phytoplankton bloom* The ivater level In the tank was raised 
from 26,5-t to 3^.5-t. On the subsequent days of rearing between 
3*7«88 and 9,7*S8, when the naupllusWIg through metamorphosis, 
grew to postlarvall, the tank water was fGrtlllsed with the same 
dose of chemicals as above on 5*7 .88 and the phytoplankton 
culture varying from 60 1 to too 1 was added on 3#7*88, 4,7«88, 
6*7.88 and 8*7*88 (Table,!)* The addition of phytoplankton 
culture «as nescessitated due to poor sun light on account of 
overcast climatic condition* During this period, the water 
quantity in the tank was also raised gradually to make up to 
60-t by 9.7 .S8,
The monitoring of phytoplankton growth In the tank 
during the first 9 days of rearing showed relatively good growth | 
of phy top Tank ton, the cell count of the dominant species of 
Chaetoceros being ranging from 1,160 to 31f1^0 cells/ml* An 
appreciable natural bloon of copepods also developed In the tank 
on 7.7,38 and this bloom was maintained through the rearing 
period. The observation on the gut and the long faecal filament 
extruded by the larvae indicated their feeding on the micro 
organisms developed in the tank*
When the larvae attained the postlarval I stage
(9.7.88) the feeding strategy was changed from live food to
conpounded \^ et diet. The chicken egg and the minced meat of the
prawn^ MetaDenaeopsIs strldulans at the ratio of 1:5 were mlxedj
cooked and made to particulated sire of about 100-'200 u« 60 g of
this feed was given to the postlarval population in the tank
twice a day In the forenoon and afternoon* As the post larvae
advanced to PL6 stage (15.7*88) another dry feed was prepared
from prawn meat» squllla moat {each 30 % dry weight) and ground
nut oil cake (40 % dry l^ fe1ght) using myda as binder. Each of
these Ingredients was mixed well and made Into a paste, which
was then extruded through a pelletlzer, dried and powdered.
From 15«7*88 onwards, the wet cflet was replaced by this dry diet
and offered to the post larvae at the rate of 50 g twice a day
t i n  the end of the rearing experiment* Through out the larval
and postlarval rearing experiment over 33 days, the water In
the tank was neither aerated nor the bottom sediment was removed.
However, the water quality was maintained by replacing 10-t of
water from the tank every day v;1th an equal quantity of fresh
sea water pimped from the over head tank between 10*7*88 and
19.7.88, From 20,7*88, the rate of exchange of sea water was
Increased to 12-t every day till the end of the experiment*
The salinity of the water in the tank varied from 30*0 %•
35.37 %• during the period of the experiment and the temperature
from 29.8*C to 33.5*C. When the larvae vere In the mysis I and 
II stages (6,7.88-8,7.88) the salinity of the tank water decreas©*^  
from 31.6 %o to 30,0 %o due to rain* However, no larval 
mortality was observed due to this reduction in the salinity.
On 33 days of rearing in the tank, the post larvae 
attained a modal size of 16-20 (size range 11.0 mn to 30,0 ram)* 
The water from the tank was then drained through an out»1et 
and a total of 97#789 postlarvae were harvested. Tnese were 
released into the Plllalmadam lagoon at Mandapam as part of the 
ranching programme* The overall survival rate from N to PL25 
was 1*t.2 %•
REMARKS
The community culture method developed by liudlnaga 
and Kfttaka (1967) Is extensively follwed In Japan, where 
the present annual production of Juveniles by this method Is of 
the order of 600-700 million. Concrete tanks of 100-250 m3 are 
used In this system to produce 10,000 to 15,000 PL20/M^ over a 
period of 30 to 45 days. The survival rate frcm nauplius to 
PL20 Is 25-60 % (Liao and Chao,1983). This method Is relatively j 
sinple to operate, entail lower labour cost and man power and 
no separate algal culture facilities. However, the production 
and survival rate in this system are found to fluctuate widely 
and depend largely on the fertilisation strategy of water to 
develop phytoplankton b]oon, their appropriata maintenance and 
water quality management.
In the present experiment, although the survival 
rate from nauplius to PL25 Is only 1*f.2 %, it is interesting 
that this was achieved by rearing the larvae and postlarvae in 
a non-inculatory and non-aerated water. In India, prawn culture
Is carried out at present in about >^3,000 ha. It is being 
planned to expand it to over 10,000 nore hectares. To meet 
the seed requirements for sustained culture in these areas, 
establishment of about 800 hatcheries have been envisaged.
Besides the oanstruction of large hatcheries, small-size, low- 
cost hatcheries, indegenous to the region has been given greater 
enphasis (Imre Csavas, 1938). In this context, the results of 
the present experiment indicate the possibility of construction 
and operation of small hatcheries following sinple methods, 
even without aeration and water circulation, to meet the seed 
requirenent of farmers engaged in srndl or medium scale prawn 
culture operation* This hatchery system Is of particular 
relevance In the south-east coast of India, where unpolluted 
and clean sea water Is available and where the prawn culture 1» 
essentially based on purrped sea water to the grow out pwids and 
the hatchery could be constructed and operated as an Integrated 
part of the entire culture system for advantage.
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Table T» Details of rearing of larvae and postlarvae (N to PL25) 
semlsulcatus In 6l-t capacity out door cement tank
by conrnunl ty cul ture method.
larval/
flat© postlarval {Rearing strategy
stage
1.7*8B N1 and N2 6^37*637 nurrtbers or N1 and M2 nauplli
Introduced Into the out door te^ eiit tahk, 
containing 26,5-t of unflltered and stored 
sea water punped from an over head tank.
2.7*88 M6 The tank water fertilised with potassium
nitrate {3.8g), potasslun dljkydrogen 
orthophospbate, sodium silicate and ethylene 
diamine tetra acetic acid (each 1.9g);
1 5 0 1 of phytoplankton predominated by 
Chaetocercs sp* added; water quality 1* 
the tank raised to
3t7.88 PI Water quantity increased to f^O-t; 60-t
phytoplankton culture added*
P2 Water quantUy Increased to 100 1 of
phytoplankton added.
5,7,38 P2 and P3 Water quantUy raised to hj-f, water
fertilised v;1th the same dosage of cheihlcals 
as on 2,7.83; overcast sky, poor sun light.
6.7.88 P3 and Ml water level raised to kO-t; 60 1 of phyto­
plankton added; overcast sky, poor sun 
light; rained during night,
7.7.88 Ml and M2 water level raised to 50-t; copepod bloom
developed In the tank water*
8.7.88 and M3 water quantity increased to 57-t; 80 1 of
phytoplankton added; raieed during day time.
9.7.S8 M3 and PLl water quantity raised to 6l-t,
10,7*88 to 60 g, of wet conpounded diet given twice
14.7.88 PLl - PL6 g forenoon and afternoon? 10-t
of water In the tank exchanged v/ith an 
equal quantity of fresh sea water pumped 
from the over head tank,
15*7*88 to 50 g, of dry compounded Idtet given twice
19.7.88 PU6 - PL11 Q forenoon and afternoon;
water management as above*
20.7.88 to reeding with dry conpounded feed as above;
1.8.88 PL11 - PL2k ©f water In the tank exchanged with
an equal quantity of fresh water pumped 
from the over head tank,
2.8.88 ?L2h - PL25 Water drained from the tank and 97*789
numbers of post larvae harvested and 
ranched Into Plllalmadam lagoon. Total 
duration of rear1ng:33 days; survival rate 
from Nl to PL25s14,2 %; no aeration provided 
throughout the rearing period nor the bottom 
sediment removed.
(Proc. S y m p . on costal wa t e r s  management, Anna Unvt.,1988, in Press
SHRIMP RANCHING : AN APPROACH TO INCREASE PENAEID PRAWN PRODUCTION
IN  COASTAL y/ATHRS
P.Vedavyasa Rao, N.N.Filial, P.E.Sampson Manickam, 
G.Maheswarudu and M.R.Arputharaj
Central Marine Fisheries Research Institute, Cochin-31
ABSTRACT
The exploitation of penaeid pra\vns 
in the coastal waters of India has reached the 
optimum level. To meet the ever increasing 
demand of this commodity in the internal as 
well as external markets, endeavours are made 
for the judicious management of the exploited 
resource, extenrjing the .range of operation to 
the under-exploited resource and for the develop­
ment and promotion of their culture fishe). ies.
One of the means of augmenting the production, 
that has emerged in recent years, is ranching 
of the seed produced in the hatchery into the 
natural environment. This system of artificial 
recruitment through released stocks which 
grow and subsequently get recruited into the 
fishery forms the basis of sea ranching 
fisheries. This communication discusses the 
attempts made on the ranching of Penaeus 
semisulcatus from Mandapam.
During April,1987 - August 1989,
1,5 million postlarval P.semisulca.^ were 
released into the Gulf of Mannar/Pillaimadam 
salt water lagoon. Observations made on the 
released seed into the lagoon have shown that 
while a portion of the population migrates to 
the sea, a part remains in the lagoon and grows
to 75 mm average size during a period of two 
months. The feasibility and development of 
an organised shrimp ranching fisheries to 
augment the prawn production in the coastal 
waters are pointed out,
INTRODUCTION
In terms of production, the marine penaeid pravti catch 
of India, has been fluctuating between 83,539 t and 152,767 t 
with an average of 121,015 t during the past ten years (1978-*87), 
At several of the important prawn fishing centres along the 
coast, it is shown that the proc^uction has reached tl^ e 
optimum level and further increase of effort in the grounds 
exploited at present may not yield enhanced catch. In this 
context, the strategies considered to sustain and to increase 
the production are judicious management of t!»e exploited 
resource; extension of range of exploitation to undorexploited 
resource, and developm-^nt and promotion of culture fisheries.
As an offshoot of mariculture activities of penaeid prawns to 
augment the production, the release of hatchery and nursery- 
raised postlarvae/juveniles into the natural environment has 
emerged as an important activity. This system of artififical 
recruitmont through released stock which grow and subsequently 
get recruited into the capture fishery forms the basis of 
sea ranching fi^;|ieries.
In Japan, sea ranching of Fenaeus .japonicus was being 
carried out since 1978 (Uno,1984). Recently this activity has 
become extensive and intensive, the postlarvae released into 
the .iDlels, semi-open and open waters being 302 million in 
1983. On the basis of several feasibility studies, it is 
proved that this system definitely helps to supplement the 
recruitment over those from the natural breeding population 
and consequently to increase the production.
on I c
Against tho above hackorounti, a research pronrriirime 
Se.i rnncliing of mr.rinr? pra-.^ ms' has ijoen initiateri hy the 
Central f/.arine Fioher.i.es Research Institute for l.he first time 
in the country in 1985, i-'aiifiapam is selpcted ar, t)ip main centre 
of the projoct in consideration of the tnpogi'r'ijihical features 
of the arf^ a, r:rav;n fiv-hing activity and facilities available 
for larval production and monitoring of Uie resonrce,
Fenaeus sernir.ulcatns that forms tlie main-stay of the prav.n 
fishei'ies of trie area, is selected as tlif^ Cr?.ndidate species 
for rantjhing,
:'P.A RAr.’CHIMG TECRNIQ1JE3
The sea ranching tecliniques involve four ^c^.ivities: 
hatchery production nf nostlarvao, tmrsery rearing, release 
of seed and monitoring of i.he release<i and exploited resources. 
Gravid female P. seinisnlca tus for spa^vning in the laljoratory is 
obtained from Uie local conimerciai trav;l Tishing. Fnl.lov;ing 
the technology developed and perfected by Mie In:>titnl:e for 
liatchery production of penaeid prawn seed, (Silas a I., 1 985) 
the spawning and larval rearing are undertak-^n in thr-* 
experimental hatct-ery upto postlarva I stage, Thereaftor, 
the nostlarvae are further reared in 6-t capacj ty roctangul'ir 
cer^ent tanks by feeding v.-ith egg-prav,Ti meat c;npounded feed 
for 10-15 days. At this stage, they grow to 10-15 n m  size and 
exhibit a *clinging' behaviour to sea grasses. Hesides, 
F.semisulcatus seed are also produced in 60-t capacity square 
cement tank following the community culture system, where the 
seed is raised to 25-30 mm size (fA;^ lieswarudu el 
in press), Ttie release of seed is carried out at this stage,
SITE CF RELEASH OF SEED
Selection of site for release of seed is important 
to ensure better survival and growth of the released stock. 
Preferably, the site sliould be a nursery ground p-oviding 
congenial physico-chemical requirements, a better refuge from
predators and should providG adequate food for the seed to grov/. 
Observations made earlier on the distribution pattern of P.semisulc^ ^^ -i., 
at different phases of its life off Mandapam have Indicated that 
the young ones of the species are abundant in the shallow inshore 
grounds where sea grasses grow luxuriantly. In this ecosystem, it 
spends a part of its life before getting recruited into the fishery 
in the deeper grounds of the area. In consideration of this aspect, 
the site of rf^lease of seed is selected on the seagrass beds available 
opposite the hatchery in the Gvilf of Mannar. Another site selected 
has been the salt water lagoon at Mandapam (Fig.1). The lagoon ey.terid; 
about 6 km and spreads over 360 ha. at high v/ator. During north-east 
monsoon the lagoon gets filled up v/ith land drainage and tidal sea . 
v/ater, V.'ith the cessation of rains, the m>iin v;ater supply is 
maintained upto May/june wfien the bar moutli get? closed. Thereafter, 
the v/ater held in the lagoon basin sustains at lov/ level and is 
characterised by gradually increasing salinity till tlio onset of 
north - east monsoon. The lagoon supports a minor prov/n fishery durirc 
December-April/May, Although, P. indlcus and Metaponaeus burkenrc-adii 
form the dominant species in the fisf»ery, P . semi sulcatus also occurs 
occasionally in small quantities.
SEED RELEASED DURING AJ'IUL’e? - AUGUST *39 '
During 1985, 5.84 lakh postlarval P.semisulcatus were 
produced in the temporary hatchery at Mandapain. Of these, 3.09 lakh 
postlarvae were released into the inshore waters of Falk Bay as 
a trial. Follov^ing the establishment of an experimental hatchery, and 
with the facilities available, over 2.56 million postlarvae v/crc 
produced during A.pril'87-August' 89 and grown in the nursery tanks.
Of these, 0.75 million seed were released into the Gulf of Mannar '-’nd 
0.71 million into the salt v/ater lagoon at f/iandopam (Table, 1). The 
remsining seed were used for culture in the sea v/ater fed earthen 
ponds adjacent to the laaoon and for other studies concerning the 
growth and survival of the species at different salinities.
GROV/TII AND RECRUIMENT
To understand the grov;th and recruitment pattern of the
released stock, regular monitoring of the catches from the 
lagoon was carried out. Besides, experimental fishing v/as 
also conducted in the lagoon. In August*83, 97,7G9 juvenile 
P .semisulcatus ranging in size from 11 to 30 mm v;ere released 
into the lagoon.  ^After a month of release, experimental 
fisliing by a drag net was carried out at different locations 
in the lagoon, Hov/ever, no catch of P.semisulcatus was 
encountered either during monitoring of the landings or in the 
experimental fishing, although a few specimens of M.burkenroadii 
and P.indicus were recorded. Another batch of seed (16-35 mm) 
numbering 70,366 v;ere released into the lagoon on 3.10.88.
After 24 hrs of release, a fixed bag net made of mosquito 
netting was operated at the bar mouth at regular intervals from 
12.30 hrs on 4.10.88 to 02.00,hrs on 5.10.80, coinciding with 
the low and high tides. The net was operated against the 
current. Although about 5 kg of. fish were caught in the first 
two hauls operated between 12,30 and 18,00 hrs, no prav/ns were 
encountered in these hauls. In. the subsequent four hauls taken 
during the night hours (19.00—02.00 hrs), a total catch of 0.373 kg 
of P.semisulcatus (520 numbers), 10 kg of f-/..burkenroadii and 
6,25 kg of fishes were obtained. In tfie nets operated during 
high tide no prawns were caught.
The percentage size composition of P . semistilea tus 
released on 1,8.88 and 3,10.88 r.nd those obtained in the 
experimental fishing is depicted in fig.2. The size of 
P.semisulcatus caxight in the experimental fishing ranged 
from 21 mm to 103 mm. As these were caught during the lov; 
tide, It was inferred that they represented the emigrating 
population from the lagoon to the sea. As 4 6 , j , j of this 
population was composed of juveniles measuring between 21 =nd 
35 mm and since the bulk of the population released on 3.10.S3 
belonged to this size group, it might further be inferred 
that they represented the population thr?t v/as released into 
the lagoon on 3.10.88.
It v/as observed that the emiorating population v/as 
also composed of larger size prawns. In consideration of the 
fact that there v.-as no report of any catch of semisiilcatus 
in the commercial fishery in the lagoon in September'88 and 
since no juvenile prawns were encountered in the nets operated 
during high tide and since ttie larger fjra'.vns in each of the 
size group were represented by only a few numbers, it v/as 
obvious that they did not represent a population that had earlier 
immigrated from the sea, but minht represent a segment of the 
population that v<as released in August'88 and stayed in the 
laooon. Among them, the prawns belonging to the size group at 
91-95 mm forming a minor mode (10,6^^) might represent the major 
group of juveniles (16-20 mm) r^-leased into the lagoon on 
1,8,88. The other size groups in the catch might represent 
the population that v/ere growing at different rates. As the 
biological productivity of tt.e lagoon is knov/n to be relatively 
low, it is possible to get such wide variations in the growth 
rate of prawns. The inference that the prawns belonging to the 
size group at 91-95 mm represented the juveniJes of 16-29 mm 
size group releasf.'d in'August is further supported by the 
observation reported by Sampson Manickam et si.(unpublished) 
vvho recorded a growth rate 1 mm per day during the first 60 days 
of culture of P «semisulcatus in a sea water earthen pond located 
adjacent to tlie lagoon. These observations thus indicate that 
while a portion of the released population in the lagoon 
migrates to the sea, a part remains in the lagoon and grows 
to 75 mm average size during a period of tv/o months. Follov.ing 
this encouraging results, large scale ranching of P.semisulcatiis 
into the lagoon is taken up from tlie centre,
MONITORING OF THE EXPLOITED RESOURCE
To study the effect of ranching on the prawn population 
and production of the area, regular monitoring the exploited 
resource is carried out from the landing centres at F.andapam ant) 
Pamban. J’. s_emisulcatvis is caught mainly by bottom trawl nets
operated by small machanised boats (9.14 - 9.75 m size).
Besides, 'disco' nets (three walled entangling nets) were
also employed to catch prawns. Generally the active fishing 
f
season is observed from April to October in tlie Falk Br^ y and 
from November to March in the Gulf of Mannar. The fishing range 
extends from close to the shore to about 50 m depth zone.
The important population parametres of P .scmi.sulcatus 
observed during 1987 and 1988 are given in the table 2. The 
size of exploited population in this region ranged from 90 mm 
to 220mni total length, the principal modal size contributing 
to the fishery being 121-130 mm for males and 1^6-150 mm for 
females. Although the breeding activity of P.semisulcalu^ 
population was seen throughout the year, the peak breeding 
season during 1987 and *88 v;as observed during January-February 
and July-August. The peak recruitment of juveniles into the 
fishery was recorded in April-June in 1987 and April, /..ay and 
Octover-Decetnber in 1988. As the quantum of seed released at 
present is small to identify and separate the naturally recruited 
and released population, these data would serve as l^ ase line 
information for further studies on the effect of sea ranching.of 
shrimp on the local population.
GEKERAL REMAPIKS
Application of sea ranching has great prospects to 
augment the resources, particularly In semi-open waters and 
in the m,.narove ecosystems. The activity reported above forms 
only a preliminary attempt. Neverthless, it demonstrates the 
feasibility of sea ranching to supplement the natural 
recruitment, and in turn to augment the production. However, 
larae-scale ranching is essential to register a perceptible 
resource improvement. In this context, it xs worthwhile to 
consider a planned programme of ranching of surplus seed 
after meeting the requirements for farming or that produced 
during the off season in the hatcheries now set up/being set up 
at different maritime states to supplement the natural recruitment 
in the coastal waters. Information on the life history, popula
dynamics of ,the species selected for ranching, and biotic and 
abiotic parameters of the ecosystem where release and capture of 
the stocks are considered, is also essential to develop an 
organised shrimp ranching fisheries,
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Table 1 : Number of Penaeus semisulcatus seed produced in the 
hatchery and released into the Gulf of Mannar/ 
Fillainiadam salt water lagoon at Mandapnm during 
April 1987 - August*89.
1987 1988 1989
Month
Postlarvae Seed Postlarvae Seed Postlarvae Seed
produced released produced released produced released
January
♦  • • 38,490 25,950 25,200 10,185*
February
♦  » • 106,830 73,390* 30,000 1,000*
March • • # • • • 142,060 128,060* 79,600 172,870^
April 335,333 34,000 65,000 71,000* 79,600 • • •
May 108,100 11,050 32,500 • • • • * •
‘ *
June 63,244 98,354 307,179 234,965 • • • • • •
July 162,046 « ♦  • 197,740 57,820 241,640 24,900*
Aunust 191,736 78,050 25,512 43,137
97,789*
• • • 38,400*
Septemeber 109,460 18,100 - 67,728 25,512 ■ • » • « • •
October 30,000 22,950 • • • 70,366^
November 16,000 « • • 94,000 5,676^
December • • » 12,000 12,440 94,000
15,400^ ^
Total 1,015,919 274,504 1,089,479 943,065 456,040 247,355
* released at Fillaimadam salt water lagoon.
Table 2: Important population characters of renaeus semisulcatus 
exploited from Gulf of Wannar at Mandapam region 
durinn 1987 and 1988
1987 1988
1, Estimated catch (t) 219.9* 206.3
2. Catch per unit effort 1 .631 1 ,157
(kg/hr)
3. Size range (in mm)
Male 90 - 160 90-160
Female 100-210 85 - 220
4* Principal modal size
(mm) of the population
Male 121 - 125 126 - 130
Female 146 - 150 146 - 150
5. Peak breeding season Jan.-Feb. and Jon.-Feb. and
July-August July-August
6» Peak recruitment period April,May and April-?/.ay and
June. Octoberjl.'ovember and
December.
♦ Excludes the catch from July-October,
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